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FOREWORD

One of the great challenges faced by water-resources scientists is providing
reliable water-quality information to guide the management and protection of the
Nation’s water resources. That challenge is being addressed by Federal, State,
interstate, and local water-resources agencies and by academic institutions. Many
of these organizations are collecting water-quality data for a host of purposes,
including compliance with permits and water-supply standards; development of
remediation plans for specific contamination problems; operational decisions on
industrial, wastewater, or water-supply facilities; and research to advance our
understanding of water-quality processes. In fact, during the past two decades, tens
of billions of dollars have been spent on water-quality data-collection programs.
Unfortunately, the utility of these data for present and future regional and national
assessments is limited by such factors as the areal extent of the sampling network,
the frequency of sample collection, the varied collection and analytical procedures,
and the types of water-quality characteristics determined.

To address this deficiency, the Congress appropriated funds for the U.S.
Geological Survey, beginning in 1986, to test and refine concepts for a National
Water-Quality Assessment (NAWQA) Program that, if fully implemented, would:

1. Provide a nationally consistent description of water-quality conditions for a
large part of the Nation’s water resources;

2. Define long-term trends (or lack of trends) in water quality; and

3. Identify, describe, and explain, as possible, the major factors that affect
observed water-quality conditions and trends.

As presently envisioned, a full-scale NAWQA Program would be accomplished
through investigations of a large set of major river basins and aquifer systems that
are distributed throughout the Nation and that account for a large percentage of the
Nation’s population and freshwater use. Each investigation would be conducted by
a small team that is familiar with the river basin or aquifer system. Thus, the
investigations would take full advantage of the region-specific knowledge of persons
in the areas under study.

Four surface-water projects and three ground-water projects are being
conducted as part of the pilot program to test and refine the assessment methods
and to help determine the need for and the feasibility of a full-scale program. An
initial activity of each pilot project is to compile, screen, and interpret available data
to provide an initial description of water-quality conditions and trends in the study
area. The results of this analysis of available data are presented in individual reports
for each project.

The pilot studies depend heavily on cooperation and information from many

Federal, State, interstate, and local agencies. The assistance and suggestions of all
are gratefully acknowledged. /

Philip Cohen
Chief Hydrologist
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SURFACE WATER-QUALITY ASSESSMENT OF THE KENTUCKY
RIVER BASIN, KENTUCKY: ANALYSIS OF AVAILABLE
WATER-QUALITY DATA THROUGH 1986

By James L. Smoot, Timothy D. Liebermann, Ronald D. Evaldi, and Kevin D. White

EXECUTIVE SUMMARY

Beginning in 1986, the Congress appropriated
funds for the U.S. Geological Survey to test and refine
concepts for a National Water-Quality Assessment
(NAWQA) program. The long-term goals for a
full-scale program are to provide a nationally
consistent description of current water-quality
conditions for a large part of the Nation’s surface- and
ground-water resources, to define long-term trends
(or lack of trends) in water quality, and to identify,
describe, and explaim, as possible, the major factors
that affect observed conditions and trends in water
quality. This information, obtained on a continuing
basis, would be made available to water managers,
policy makers, and the public to provide an improved
scientific basis for evaluating the effectiveness of
water-quality management programs and for
predicting the likely effects of contemplated changes
in land- and water-management practices. At present
(1990), the assessment program is in a pilot phase in
seven project areas that represent diverse hydrologic
environments and water-quality conditions.

This report completes one of the first activities
undertaken as part of the Kentucky River basin pilot
project, which was to compile, screen, and interpret
available water-quality data for the study unit through
1986. The report includes information on the sources
and types of water-quality data available, the utility of
available water-quality data for assessment purposes,
and a description of current (1976-86) water-quality
conditions and trends and their relation to natural
and human factors. Water-quality data from a
broader historical period (1951-86) were also used for
comparison to current-period conditions.

The Kentucky River Basin

The Kentucky River flows through east-central
Kentucky and drains an area of about 7,000 square
miles. As shown in figure ES-1, the river originates
in the uplands of southeast Kentucky and flows

northwestward through the central part of the State to
its junction with the Ohio River. The main stem of the
Kentucky River is defined to include the North Fork.
The upper Kentucky River basin lies in the Eastern
Coal Field physiographic region and supports primarily
silviculture, coal mining, and oil and gas production.
The middle part of the basin lies in the Knobs physio-
graphic region and supports silviculture, oil and gas
production, and small amounts of agriculture and
urbanization. The lower part of the basin lies in the
Inner and Outer Bluegrass regions and supports
primarily agricultural and urban development. The
major population centers in the basin, Lexington and
Frankfort, are in this region. Because land uses are
generally controlled by geology and physiography,
water-quality conditions and their causative factors in
the different parts of the basin (upper, middle, and
lower) are generally distinctive from each other.

The main stem of the Kentucky River is characterized
by a series of 14 locks and dams from a point just
downstream of the confluence of the North, Middle,
and South Forks of the Kentucky River to the mouth.
These locks and dams were originally constructed to
provide a minimum water depth of 6 feet for naviga-
tion. The pooled conditions behind each dam have a
substantial effect on water-quality conditions,
especially during low-flow periods.

The Kentucky River and its tributaries are used
extensively for municipal and industrial water supply,
recreation, and wastewater discharge and assimila-
tion. Water from the river, its tributaries, and
reservoirs provides more than 95 percent of the public
supply in the basin. The Kentucky River basin is the
most densely populated river basin in the State and is
projected to be the area of most growth in the future.
Annual surface-water use in the basin (1985)
exceeded the flow of the river about 4 percent of the
time, based on flow duration near the river mouth.
Because of Kentucky’s dependence on surface-water
supplies, the quality of water in the Kentucky River is
of great interest and concern.






Sources and Characteristics of Available
Surface Water-Quality Data

Retrievals of surface water-quality data from the
U.S. Environmental Protection Agency’s computer
file (STORET) and the U.S. Geological Survey’s
Water Data Storage and Retrieval system
(WATSTORE) identified six agencies as having
collected most of the water-quality data in the
Kentucky River basin. These agencies are: Kentucky
Division of Water; Kentucky Department for Surface
Mining Reclamation and Enforcement; U.S. Army
Corps of Engineers; U.S. Environmental Protection
Agency; U.S. Geological Survey; and U.S. Office of
Surface Mining Reclamation and Enforcement.
These retrievals included data from 1951 through
1986 for about 8,000 samples collected from more
than 500 sites.

To ensure that the available data were suitable for
analysis, it was necessary to evaluate (or screen) the
data with respect to sampling purpose, methods, and
the number of observations. Only 30 sites in the basin
had 10 or more values for one or more constituents
obtained during water years 1976-86. The data base
from these 30 sites consisted of about 2,300 samples,
containing 34,000 individual determinations for 93
different constituents or properties.

The water-quality monitoring program of the
Kentucky Division of Water accounts for most of the
data available for individual site statistical analyses
for the 1976-86 period. The other major sources of
data obtained during this period were from the
National Stream Quality Accounting Network
program and from miscellaneous measurements, both
components of U.S. Geological Survey operations.
Although the available data are generally well
distributed with respect to season and flow condition,
relatively few high-flow periods were sampled at
most sites.

Existing water-quality information for the basin is
adequate for making a generalized assessment of
common water-quality properties and constituents of
interest, such as pH, alkalinity, major ions, nutrients,
and selected major metals and trace elements. With
the exception of synthetic organic compounds and
several trace elements, the occurrence of a specific
constituent in the surface water of the Kentucky River
basin can be determined by using existing informa-
tion. However, the existing data are not adequate to
address questions concerning the distribution and
transport of many constituents or to associate water-
quality conditions with causative factors. Trend
detection for concentrations of trace elements,
synthetic organic compounds, and radionuclides was

hampered due to short, if any, period of record and
the occurrence of concentrations less than laboratory
detection levels.

Current Water-Quality Conditions and
Long-Term Trends

The quality of most surface water in the Kentucky
River basin is generally suitable to support designated
uses on the basis of applicable Federal and State
water-quality criteria. However, because of point and
nonpoint sources of contamination, water in some
stream reaches in the basin do not meet applicable
Federal and State quality criteria and do not support
designated uses.

In the upper Kentucky River basin, which is
characterized by rugged topography and steep stream
slopes, land-disturbance activities associated with
both surface and underground mining substantially
affect water-quality conditions. The annual sediment
yield for the North Fork Kentucky River basin is
about 15 times the yield of the entire Kentucky River
basin as a whole. Sediment deposition also occurs in
this region, particularly in the pool behind lock and
dam 14 downstream of the confluence of the North,
Middle, and South Forks. The chemical quality of
streams can also be affected by land disturbance
activities, including mining. This is particularly true
for concentrations of iron, sulfate, and other dissolved
constituents. More than 60 percent of the dissolved
sulfate load in the Kentucky River basin originates in
the upper basin. In addition, about 55 percent of the
dissolved chloride load for the entire basin is attrib-
uted to brine discharges from oil and gas production
areas in the upper basin. Because of the changes in
water quality, and the resulting loss of habitat due to
sedimentation, only a few, more tolerant, biological
organisms are able to survive in the most affected
stream reaches of this region.

The middle Kentucky River basin corresponds
roughly to the Knobs physiographic region and is
characterized by pristine water-quality conditions as
well as by conditions that reflect the effects of oil and
gas production activities. In largely undeveloped
areas, water in some reaches of the Red River in this
region is classified as Outstanding Resource Water,
the State’s highest classification, and supports a large,
diversified biological community. However, an area
of intensive oil and gas production substantially
affects the quality of water in several streams nearby.
Dissolved solids, barium, sodium, chloride, bromide,
and other dissolved constituent concentrations are
particularly increased as a result of brine discharges
that originate from oil production activities. Some
stream reaches draining active oil and gas fields



Table ES-1. —Summary of median concentrations and mean annual yields for selected water-quality constituents in the Kentucky River basin

[mg/L, milligrams per liter; tons/mi2, tons per square mile]

Dissolved solids Nitrogen, total as N Phosphorus, totalas P Suspended sediment Iron, total
Median Mean Median Mean Median Mean Median Mean Median Mean
Station concen- annual concen- annual concen- annual concen- annual concen- annual
tration  yield tration  yield tration  yield tration  yield tration  yield
(mg/L) (tons/mi2)  (mg/L) (tons/mi2) (mg/L)l (tons/mi2) (mg/L) (tons/mi2)  (mg/L) (tons/miZ)
UPPER BASIN
North Fork Kentucky 295 234 0.76 159 0.03 0.203 27 1,480 1,200 177
River at Jackson
Middle Fork Kentucky 124 140 46 .67 .02 094 22 133 930 312
River at Tallega i
South Fork Kentucky 145 144 52 .89 02 062 12 172 550 286
River at Booneville
LOWER BASIN !
Kentucky River below 180 211 14 1.84 08 . 183 18 108 400 248
Frankfort |
Elkhorn Creek near 358 432 93 9.06 98 ' 159 10 18.7 350 613
Midway !
Kentucky River at 177 227 13 218 .10 ‘ 265 37 105 1,100 253

Lock 2, at Lockport

support only a few, highly tolerant, aquatic organisms
as a result of the high concentrations of dissolved
constituents. Approximately 35 percent of the
chloride load in the entire basin originates from the
middle basin.

Agriculture and urbanization substantially affect
water quality in the lower Kentucky River basin,
Characterized by gently rolling terrane and limestone
bedrock, this physiographic region is home to most of
the basin population and is the center of a large,
world-renowned thoroughbred horse industry. Corn,
tobacco, and livestock production also contribute to
the agricultural land-use in this region. Because of
population density and agricultural activities, the largest
inputs of nitrogen and phosphorus into streams are esti-
mated to occur in the lower basin, including about 76
percent of the annual load of ammonia and organic
nitrogen. Nearly 80 percent of the total ammonia and
nitrogen load transported in the lower Kentucky
River is estimated to originate from nonpoint sources.
Suspended-sediment yields are large in basins drain-
ing agricultural land, and in places the yields
approach those observed in areas of the upper basin
that are affected by mining activities. Biological com-
munities in some stream reaches draining urban areas
have been substantially affected due to low dissolved
oxygen concentrations and high concentrations of
trace metals and other constituents resulting from
wastewater inputs and nonpoint source runoff.

A data summary describing the median concentration
and mean annual yield for selected constituents is

presented in table ES-1. Organized by region (upper
and lower basin), differences in water quality that result

from different land-use activities can be identified.
Water-quality trends and Federal and State criteria
exceedances for selected constituents are summarized
in tablés ES-2 and ES-3 for those sites where at least
10 observations were made. Other significant results,
organized by constituent class, are described below.

Precipitation and Streamflow

From the analysis of long-term data, two
time-periods exhibited significant trends in the
magnitudes of streamflow and precipitation. A
strong increasing trend in flow and precipitation
occurred from the early 1960’s to the mid-1970’s, and
a strong decreasing flow and precipitation trend is
indicated since the mid-1970’s. Most water-quality
data available were collected during the period of
decreasing streamflow and precipitation.

pH and Major Inorganic Constituents

Streams in the Kentucky River basin are generally
well buffered and slightly alkaline, as a result of an
abundance of carbonate minerals in the soil and
bedrock. Median pH values ranged from 7.1 to 7.8.
Acid-mine drainage in the upper part of the basin is
quickly neutralized by carbonate minerals in soils.
Water of the Kentucky River basin generally becomes
increasingly alkaline from the Eastern Coal Fields
region downstream to the Bluegrass region. In the
pooled reaches of the main stem, pH values have
occasionally exceeded 9.0 (the maximum criterion for
aquatic life). These high values most likely result
from algal productivity and associated reduction of
carbon-dioxide concentrations.
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Three major source areas of dissolved solids in
streams in the Kentucky River basin are: the North
Fork Kentucky River basin, which receives drainage
from coal mining and oil and gas production areas;
the middle part of the basin, which receives drainage
from oil and gas production areas; and the Elkhorn
Creek Basin, which receives effluent discharges and
urban stormwater runoff. Only about 3 percent of the
more than 1,600 observations of dissolved-solids
concentrations measured in samples from 30 sites in
the basin exceeded the Federal secondary maximum
contaminant level (SMCL) criterion of 500 mg/L.
Concentrations of dissolved solids in the main stem of
the Kentucky River generally decrease with distance
downstream as a result of dilution. Long-term posi-
tive trends in dissolved-solids concentrations, ranging
from about 3 to 10 percent per year, were detected for
7 of 11 long-term sites in the study area. Increased
production of coal, oil, and gas during 1976-86 is
thought to be a causative factor for these trends.

Concentrations and loads of dissolved sodium and
chloride increase in the central part of the basin
downstream from tributaries draining oil-producing
areas. Elevated dissolved sodium and chloride
concentrations related to wastewater discharges and
possibly road salting are present in South Elkhorn
Creek, which receives wastewater and stormwater
from the Lexington urban area. Road salt might
account for as much as 11 percent of the estimated
annual chloride transported from the Kentucky River
basin. From 1980 to 1986, the increase in salt applica-
tion in the Kentucky River basin averaged about 12
percent per year. About 2 percent of the annual load
of dissolved sodium and chloride is estimated to
originate from atmospheric deposition.

Increasing trends in dissolved chloride concentrations
were identified at all sites on the main stem down-
stream from Jackson, Kentucky. At Lock 14 on the
Kentucky River, flow-adjusted chloride concentra-
tions were determined to be increasing at a rate of
about 3 mg/L per year (or about 30 percent per year).
The increasing trends are attributed to increases in oil
brine discharges in the North Fork Kentucky River
basin, particularly from areas downstream of Jackson,
Kentucky.

The largest dissolved sulfate concentrations in the
basin are in streams draining the upper part of the
basin, particularly the North Fork Kentucky River
basin, which is intensively mined for coal. More than
one-third of the dissolved sulfate load in the Kentucky
River originates in this part of the basin. Atmospheric
deposition contributes about 11 percent of the total
sulfate load leaving the basin. Increasing trends in
total sulfate concentrations were significant at the 0.1

probability level on all main stem sites. The greatest
increases in sulfate concentrations over time were
associated with stream sites in the upper basin, where
mining activities are prevalent.

Suspended Sediment

Suspended-sediment concentrations in the
Kentucky River basin generally decrease downstream
from areas draining the Eastern Coal Field region,
but then increase in the most downstream part of the
basin as a result of drainage from agricultural areas.
The estimated annual sediment yield for the North
Fork Kentucky River basin, which has about 4 percent
of it’s arca disturbed by mining, is about 1,500 tons
per square mile. In contrast, the estimated annual
sediment yield of the headwater area of the Red River
basin, which has less than 0.1 percent of it’s area
disturbed by mining, is about 150 tons per square
mile. The estimated annual sediment yield from the
Eagle Creek basin, in which more than 50 percent of
the land is used for mixed row-crop and pasture, is
about 1,000 tons per square mile.

Transport estimates indicate that nearly 75 percent
of the 1.8 million tons of suspended sediment annually
transported from the upper Kentucky River basin
(North, Middle, and South Forks) is deposited behind
Lock and Dam 14 in the uppermost navigational pool
on the Kentucky River. The annual transport of
sediment from the entire Kentucky River basin is
about 650,000 tons, which is only about one-half the
dissolved-solids load transported out of the basin
each year. Although decreasing trends in suspended-
sediment concentrations were detected at 7 of 11 sites
during the 1976-86 period, most of these decreases
were related to decreases in streamflow during the
same period.

Nutrients

Concentrations of total nitrogen and total
phosphorus gradually increase from the headwater
reaches to the mouth of the Kentucky River as a result
of downstream increases in population density and
agricultural activities. Largest nutrient concentra-
tions and yields typically occur in South Elkhorn
Creek, which receives sewage and industrial effluent
discharges from the most urban part of the basin.
More than 20 percent of the samples collected at
South Elkhorn Creek at Midway, Kentucky exceeded
the warmwater aquatic habitat criterion of 0.05 milli-
grams of un-ionized ammonia per liter adopted by the
State of Kentucky. Greater than 95 percent of the
annual load of ammonia and organic nitrogen is
estimated to originate in the lower part of the basin.
About 80 percent of this load originates from



nonpoint sources such as agricultural and urban
runoff. The balance is due principally to point
sources such as municipal and industrial effluents.

Major Metals and Trace Elements

Most major metals and trace elements present in
the surface water of the Kentucky River basin
originate from nonpoint sources and generally are a
reflection of the geology. Concentrations and yields
of several constituents, including iron, manganese,
copper, chromium, and aluminum, seem to be closely
related to land-disturbance activities such as coal
mining and agricultural cultivation.

Basinwide, 70 percent of water samples analyzed
for total iron had concentrations that exceeded the
Federal SMCL value of 300 ug/L established for
public water supplies. The median concentration of
total iron in water at many stream sites in the Eastern
Coal Field region exceeded the Kentucky water-
quality criterion of 1,000 #g/L. These high concentra-
tions typically decrease downstream, but on many
occasions remained above established criterion.
Largest total iron yields originated from the North
Fork Kentucky River basin and were more than 4
times greater than yields for any other stream site.
Virtually all (99 percent) of the total iron transported
from the Kentucky River basin originates from
nonpoint sources. Both flow-adjusted and nonflow-
adjusted concentrations of dissolved and total iron
decreased at many sites in the basin. This may be due
to the implementation of mining regulations and to
the application of improved mining and reclamation
techniques.

Similar to iron, more than 70 percent of all
analyses for total manganese exceeded the State and
Federal criterion of 50 ug/L and many sites in the
Eastern Coal Field region have, on occasion,
exceeded a total manganese concentration of 1,000
ug/L. Although derived from natural geologic
sources, many of these large concentrations are
attributed to land-disturbance activities such as
mining. Transport estimates for selected sites in the
basin indicated that the largest yield of total manga-
nese was for the North Fork Kentucky River upstream
of Jackson, Kentucky, an area intensively mined for
coal. However, the largest yield determined for
dissolved manganese was that for the upper Red
River basin. Land disturbance activities in the upper
Red River basin that might cause the observed
manganese yields include agriculture, silviculture,
and some coal mining,

About 5 percent of all total recoverable cadmium
concentrations (606 observations) exceeded Federal

drinking water criteria. Cadmium concentrations
also exceeded Federal aquatic life (chronic) criteria
on occasion (1 percent of all observations). More
than 150 observations (15 percent) exceeded Federal
aquatic life criteria for total recoverable copper. The
source of these elements probably is from weathered
rocks. Land-disturbance activities such as mining
seem to affect copper transport especially. Total
copper concentrations decreased during the period
1976-86, but the decrease might reflect decreasing
flow conditions during this same period.

Trend analyses indicated that lead and mercury
concentrations in streams decreased during the
1976-86 period. The relations among lead and
mercury concentrations and streamflow could not be
determined. Total recoverable lead concentrations
exceeded Federal drinking water criteria in 60 obser-
vations (9 percent of all observations) and exceeded
Federal aquatic life (acute) criteria in 47 observations
(7 percent). Lead concentrations generally were
larger in the more urban parts of the basin. Total
recoverable mercury concentrations exceeded both
Federal drinking water criteria and Federal aquatic
life (acute) criteria for about 6 percent of all observa-
tions (623 observations). Widespread in occurrence,
the source of mercury in the basin could not be
associated with any particular land use and, thus,
seems to be derived from natural geologic sources.

Concentrations of total zinc exceeded Kentucky’s
warmwater aquatic habitat criterion of 47 ug/L for
about |16 percent of the samples collected between
1976 and 1986. Transport estimates for total and
dissolved zinc indicate that zinc is contributed from a
number of different land uses. This indicates that
zinc might be derived from natural sources, such as
the weathering of geologic materials or atmospheric
deposition.

Pestithes and Other Synthetic Organic Compounds

Historical data on organic compounds in the
Kentucky River basin are limited. Almost no data
exists for polychlorinated biphenyls (PCBs), phenols,
phthalate esters, and polycyclic aromatic
hydrocarbons in streams. The presence of several
organochlorine insecticides was detected in a small
number of fish tissue and streambed sediment
samples. Of the highly persistent organochlorine
compounds detected, only chlordane, commonly used
for the control of termites, continues to be used on a
wide spread basis. Four organochlorine pesticides
were detected in at least 50 percent of samples
analyzed — chlordane and lindane in streambed
sediment, and DDT and DDE in fish tissue.




Fecal Indicator Bacteria

Elevated concentrations of fecal coliform bacteria
generally were detected in two areas of the Kentucky
River basin: the North Fork Kentucky River basin
upstream of Jackson and the most populated area of
the basin around Lexington and Frankfort. On the
basis of observed seasonal pattern of concentration,
point sources of fecal coliform predominate in the
upper basin, and nonpoint sources account for more
of the fecal coliform bacteria in water of the lower
basin. Approximately 5 to 10 percent of the fecal
coliform measurements obtained throughout the
basin exceeded the Kentucky domestic water-supply
criterion of 2,000 colonies per 100 milliliters of water.
About 40 to 50 percent of all fecal coliform measure-
ments exceeded the Kentucky criterion of 200
colonies per 100 milliliters for primary contact
recreational water.

INTRODUCTION

Beginning in 1986, the Congress has annually
appropriated funds for the U.S. Geological Survey to
test and refine concepts for a National Water-Quality
Assessment (NAWQA) Program. The long-term
goals for a full-scale program would be to:

1. Provide a nationally consistent description of
current water-quality conditions for a large part
of the Nation’s surface- and ground-water
resources,

2. Define long-term trends (or lack of trends) in
water quality, and

3. Identify, describe, and explam, as possible, the
major factors that affect observed water-quality
conditions and trends.

The results of the NAWQA Program will be made
available to water managers, policy makers, and the
public to provide an improved scientific basis for eval-
uating the effectiveness of water-quality management
programs and for predicting the likely effects of con-
templated changes in land- and water-management
practices. Concepts for a full-scale NAWQA
Program are described by Hirsch and others (1988).

The NAWQA Program is organized into study
units on the basis of known hydrologic systems (large
parts of aquifers or aquifer systems and major river
basins). The study units are large, commonly involving
areas of several thousand square miles.

At present (1990), the assessment program is in a
pilot phase in seven project areas throughout the
country that represent diverse hydrologic environ-
ments and water-quality conditions. Pilot project
studies that focus primarily on surface water include

the Yakima River basin in Washington; the lower
Kansas River basin in Kansas and Nebraska; the
Upper Illinois River basin in Illinois, Indiana, and
Wisconsin; and the Kentucky River basin in
Kentucky. Pilot project studies that focus primarily
on ground water are the Carson basin in western
Nevada and eastern California; the Central
Oklahoma aquifer in Oklahoma; and the Delmarva
Peninsula in Delaware, Maryland, and Virginia.

One of the initial activities undertaken in each
pilot project is to compile, screen, and interpret the
water-quality data available within each study unit.
These data have been collected for widely differing
purposes by a diverse group of organizations.
This preliminary assessment will provide an initial
description of water-quality conditions and will assist
in the formulation of plans for project field activities.
The assessment also will provide the foundation for
identification of areas and reaches that have
significant water-quality problems and will develop
hypotheses about the causative factors that influence
water-quality conditions.

Purpose and Scope

This report describes the sources and types of
water-quality data that are available for the Kentucky
River basin and provides a preliminary assessment of
water-quality conditions and trends. The report
illustrates the utility of available water-quality data for
assessment; defines the types of water-quality data
that are lacking; and describes regional water-quality
conditions and trends, and their relations to natural
and human factors.

Surface water-quality data are available at more
than 550 sites in the basin. The quantity and the
quality of available data are extremely variable;
therefore, several screening techniques are utilized
prior to data analysis. The screened data are divided
into two data sets primarily based on historic water-
shed conditions and frequency of data collection at
the sites. The “historical record” includes all data
obtamed during the period 1951 through September
1986, and is used primarily for determination of
spatial variability in water-quality conditions. The
“current-record” period includes only data collected
during water years 1976 through 1986 and is used for
determination of temporal variability, such as trends,
in water-quality constituents.

Acknowledgments

Guidance was received from the Kentucky River
basin liaison committee. Participating members of
this committee included representatives from the
U.S. Fish and Wildlife Service; U.S. Forest Service;



U.S. Army Corps of Engineers; U.S. Office of Surface
Mining Reclamation and Enforcement; U.S. Soil
Conservation Service; Kentucky Department of
Agriculture; Kentucky Department of Environmental
Protection; Kentucky Department of Fish and
Wildlife Resources; Kentucky Department for
Surface Mining, Reclamation, and Enforcement;
Kentucky Geological Survey; Kentucky Water
Resources Research Institute; Kentucky American
Water Company; University of Louisville; Murray
State University; Kentucky Resources Council; and
the Lexington-Fayette Urban County Government.

Although many people and organizations assisted
in the preparation of this report, the authors are
especially grateful for the contributions provided by
two individuals. Elizabeth A. Flanary, U.S. Geo-
logical Survey, was instrumental to the compilation
and editing of the final report draft. Her technical
expertise and perseverance are much appreciated.
Donald G. Jordan, U.S. Geological Survey (retired),
provided numerous comments that significantly
enhanced the quality of the report. Their efforts were
indispensable.

DESCRIPTION OF THE KENTUCKY RIVER BASIN

The Kentucky River flows through east-central
Kentucky and drains an arca of about 7,000 square
miles (fig. 1). The river originates in the uplands of
_ southeast Kentucky and flows northwestward through
the central part of the State to its junction with the
Ohio River at Carrollton in north-central Kentucky.
The main stem of the Kentucky River, including the
North Fork, is about 405 miles long. Other major
tributaries of the Kentucky River include the Middle
and South Forks Kentucky River, Red River, Dix
River, Elkhorn Creek, and Eagle Creek.

A navigation system on the Kentucky River consists
of 14 locks and dams that provide a minimum water
depth of 6 feet from a point just downstream of the
confluence of the North, Middle, and South Forks of
the river to the mouth at Carrollton (pl. 1). Currently
(1990), these locks and dams are operated on a
seasonal basis for commercial and recreational traffic.

Principal municipalities, in downstream order, are:
Hazard, Richmond, Danville, Lexington, George-
town, Frankfort, and Carrollton. The Kentucky River
drains all or parts of 39 of the State’s 120 counties
(fig. 1).

Physiography and Topography

The Kentucky River basin is in four physiographic
regions: the Inner and Outer Bluegrass, the Knobs,
and the Eastern Coal Ficld (fig. 2). Each of these
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regions is topographically distinct and reflects the
underlying geology. The variation in soil type, land
use, population distribution, surface-water features,
and the prevailing water-quality characteristics and
issues' are largely attributable to the physiographic
and geologic features.

The Kentucky River basin is underlain by sedimentary
rocks of the Paleozoic age. As shown in figure 3,
exposed rocks range in stratigraphic sequence from
the Middle Ordovician to the Pennsylvanian Systems
(McFirlan, 1943). Numerous faults cross the Ken-
tucky River and its tributaries. The principal fault,
known as the Kentucky River Fault, is responsible for
the southwest-northeast directional character of the
river in the middle part of the basin. Except for the
Bluegrass Regions, only a thin layer of unconsolidated
materjal overlies the bedrock in the basin.

Inner Bluegrass Region

The north-central part of the basin lies within the
Inner Bluegrass region. This region is a gently rolling
upland underlain by thick-bedded phosphatic lime-
stone of Ordovician age. The limestone of the Inner
Bluegrass has been subjected to considerable weath-
ering by solution, both on and beneath the surface, to
produce an extensive area of karst topography. Asa
result, a substantial part of the drainage occurs
through the subsurface. The karst topography is
dotted with sinkholes, some as large as 60 feet deep
and one square mile in area.

Soils in the Inner Bluegrass region developed from
the phosphatic limestone. These soils have good
drainage characteristics and are especially well suited
for growing grasses for livestock and tobacco. The
principal soil series are Maury soils on the gentler
slopes and McAfee soils on the steeper slopes and in
the areas of karst topography. These soils are moder-
ately deep (20-80 inches) and consist of a silt loam
surface layer and a clayey subsoil (U.S. Department
of Agriculture, 1983).

Surface altitudes in the Inner Bluegrass region
range| from about 800 to 1,000 feet. The Kentucky
River and some of its tributaries are entrenched more
than 350 feet below the upland. Average slope of the
Kentdcky River in this region is about 0.7 foot per
mile (Miller and others, [no date]). Elkhorn Creek is
the only major tributary located entirely within the
Inner Bluegrass region.

Outer Bluegrass Region

ThL northern half of the basin, not included in the
Inner Bluegrass region, lies within the Outer
Bluegrass region (fig. 2). The Outer Bluegrass region
is underlain by thin-bedded limestones of Ordovician





















Surface-Water Hydrology

The Kentucky River hydrologic system consists of
about 3,500 stream miles (U.S. Geological Survey,
1974). The drainage network of the basin is shown on
plate 1.

Streamflow varies throughout the basin reflecting
seasonal and areal variations in the climate and differ-
ences in land use, geology, and topography. Because
many streams in the Inner and Outer Bluegrass
regions flow through highly permeable karst terrane,
surface-water/ground-water interaction is substantial.
As a result, many streams cominonly have dry and
flowing reaches as water moves from one system to
the other.

The average annual unit flow of streams in the
study area is about 1.4 cubic feet per second per
square mile [(ft3/s)/mi2] and is relatively uniform
throughout the basin. However, unit flows during
hydrologic extremes differ widely throughout the
basin. Peak discharge of streams in Kentucky has
been shown to be related to drainage area size, and
basin morphologic characteristics, including main
channel slope, basin shape, and channel sinuosity
(Choquette, 1987). Peak discharge, drainage area,
main channel slope, and other characteristics of
selected streams in the Kentucky River basin are
listed in table 1. Streams with steep main channel
slopes have correspondingly higher peak flows per
unit area than streams with mild main channel slopes.
Unit peak flow having a 100-year recurrence interval
in the basin ranged from 344 (ft3/s)/mi2 at Cutshin
Creck at Wooton (site 2.2, channel slope equal to
45 ft/mi) to 18.3 (ft3/s)/mi2 at Kentucky River at Lock
2, at Lockport (site 10.0, channel slope equal to
1.4 ft/mi).

Low-flow statistics such as the 7-day, 10-year low
flow of a stream are often used as measures of the
dependable flow during periods of moderate drought
and are cominonly used in the design of storage and
withdrawal facilities and in permitting waste
discharges. The 7-day, 10-year low flows for selected
streams in the basin are listed in table 1. It should be
noted that low-flow is not closely related to drainage
area size, but is related to geologic and topographic
factors. For example, drainage area and average
discharge are similar for the Dix River near Danville
(site 5.2) and the Red River at Clay City (site 3.3, table
1). However, because of differences in geology,
topography, and land use, low-flow characteristics of
the two streams are quite different. For the period of
available record, the 7-day, 10-year low-flow
discharge was zero for the Dix River (site 5.2) and 3.7
ft3/s for the Red River (site 3.3). Of the 18 sites with
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7-day, 10-year low-flow discharges for the current-
record period (1976-86) listed in table 2, nine were
equal to or less than the long-term low-flow
discharges listed in table 1.

No major natural lakes are present in the Kentucky
River basin, but many reservoirs have been
constructed for meeting various water-supply needs
and for flood protection. Fifteen reservoirs in the
basin have a volume greater than 1,000 acre-feet or
surface area greater than 100 acres. These reservoirs
have a total combined volume of 286,000 acre-feet
and a total combined surface area of 6,530 acres
(Miller and others, [no date]).

Three lakes—Herrington, Buckhorn, and Carr
Fork (pl. 1) —comprise approximately 75 percent of
the total reservoir surface area and 90 percent of the
total reservoir volume in the basin (Miller and others,
[no date]). Buckhorn Lake (21,800 acre-feet) and
Carr Fork Lake (6,480 acre-feet) are regulated by the
U.S. Army Corps of Engineers to meet flood, recre-
ation, fish and wildlife, and low-flow augmentation
objectives (U.S. Army Corps of Engineers, 1981).
Buckhorn Lake, located in Perry County, is on the
Middle Fork of the Kentucky River. The lake covers
1,230 acres and has a drainage area of 409 square
miles. Carr Fork Lake, located in Knott County, is
located on Carr Fork, a tributary of the North Fork of
the Kentucky River. The lake covers 710 acres and
has a drainage area of 58 square miles (U.S. Depart-
ment of Agriculture, 1981). Herrington Lake
(230,500 acre-feet) is maintained and operated by a
private utility for use in electric power generation for
public consumption. Herrington Lake is also a
source of water for the public water-supply systems
for the city of Danville and the Kentucky State Hospi-
tal. The lake, which lies in the Dix River basin,
contains a usable storage volume of 123,200 acre-feet,
covers 2,940 acres, and has a drainage area of 439
square miles (Miller and others, [no date]; U.S.
Department of Agriculture, 1981).

Operation of reservoirs for flood control and
low-flow augmentation in the basin has resulted in
moderation of flow extremes downstream. Each
spring, reservoir storage is increased to prepare for
low-flow augmentation during mid to late summer,
and each fall reservoir storage is decreased to
prepare for winter high-flow periods. Regulation has
resulted in lower high-flow periods and higher
low-flow periods. Flow-duration curves prior to and
since regulation reflect this flow moderation. Flow-
duration curves for the Kentucky River at Lock 14
(site 3.0) are typical of those for regulated streams in
the basin (fig. 5).
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Water Use

The Kentucky River and its tributaries are used
extensively for public and industrial water supply,
recreation, propagation of fish and wildlife, and
municipal and industrial waste discharge and assimi-
lation. Surface water from the Kentucky River and its
tributaries including Herrington Lake is the source
for more than 95 percent of the water supplied by
public water-supply systems in the basin. Twenty
municipalities use the Kentucky River for public
water supply. The largest of these municipalities are
Lexington, Frankfort, and Richmond.

The potential for substantial and wide-spread
water-supply shortages is greater in the Kentucky
River basin than any other river basin in the State.
Water withdrawals in the Kentucky River basin were
about 253 Mgal/d in 1985. About 95 percent of this
amount (240 Mgal/d) was obtained from surface-
water sources (fig. 6) (Sholar, 1988; Sholar and Lee,
1988). The Kentucky River and its major tributaries,
and the reservoirs within the basin supplied most of
this water. The flow at the mouth of the Kentucky
River is less than the average annual surface-water
withdrawal rate in the basin about 4 percent of the
time (Quifiones and others, 1980).

Offstream water-use estimates are available for the
following withdrawal categories: thermoelectric power;
public supply; and domestic, industrial, commercial, live-
stock, irrigation, and mining uses. Of these eight catego-
ries, about 64 percent (153 Mgal/d) of the surface-water
withdrawals was used for cooling purposes in the
production of thermoelectric power (Sholar, 1988).

Public supplies accounted for 70.1 Mgal/d, or 29
percent of the total surface water withdrawn in the
Kentucky River basin in 1985. More than 99 percent
of the withdrawals for public water supply in this basin
were from surface-water sources. Four public suppliers
in Fayette, Franklin, Boyle, and Clark Counties withdrew
49.1 Mgal/d or 70 percent of the surface water withdrawn.
More than 50 percent of the withdrawals for public
supply in the basin are for the Lexington-Fayette
County area (Sholar, 1988). Surface-water withdrawal
points for public, industrial, and commercial supply
are shown in figure 7.

Domestic, industrial, and commercial water users
depended on public-supplied deliveries for most of
their water. Domestic water use in the basin was
estimated to be 40.9 Mgal/d in 1985. Of this amount,
30.9 Mgal/d was delivered to more than 466,000
people from public suppliers. Per capita use was
estimated to be 50 gallons per day (gal/d) for self-
supplied domestic users and 66 gal/d for domestic
users of public supply. A summary of public-supplied
deliveries is shown in figure 6.
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The amount of water consumed, or no longer
readily available for reuse in the Kentucky River basin
in 1985, was 35.2 Mgal/d (fig. 6). Domestic use
accounted for about 44 percent (15.4 Mgal/d) of the
total consumptive use.

Eleven municipal wastewater treatment facilities
are permitted to discharge more than 1 million
gallons per day (Mgal/d) of effluent in the Kentucky
River basin. The locations of these treatment facili-
ties are shown in figure 8. Another 30 municipal
wastewater treatment facilities are permitted to
discharge wastewater quantities of less than 1 million
gallons per day. In addition, there are 293 small
domestic wastewater treatment facilities permitted to
operate within the Kentucky River basin.

Twenty-nine industrial facilities are permitted to
discharge more than 1 Mgal/d of wastewater to
surface water in the Kentucky River basin. The loca-
tion of these industrial facilities are shown in figure 9.
Forty-seven industries and one landfill are permitted
to discharge more than 50,000 gallons per day but less
than 1 Mgal/d. Additionally, 48 industrial facilities,
12 agricultural operations, and two landfills have
wastewater treatment facilities that are excluded from
State permitting procedures (R. Ware, Kentucky
Natural Resources and Environmental Protection
Cabinet, written commun., 1986).

Water-Quality Criteria and Stream Classification

Primary water-quality criteria for public health,
aquatic life, and recreation are established by the
Federal government. The Federal criteria are then
used by the states as a guideline to establish criteria
for local conditions based on site-specific analyses.

Federal

Federal authority for the protection of water-quality
is provided by the Clean Water Act, which was most
recently amended in 1987. The U.S. Environmental
Protection Agency is the principal Federal agency
responsible for the development and implementation
of the programs called for by this statute. Section
304(a)(1) of the Act requires the U.S. Environmental
Protection Agency to publish and periodically update
ambient water-quality criteria. A water-quality
criterion is a numerical or narrative statement for a
single contaminant reflecting the latest scientific
knowledge on the identifiable effects of the pollutant
on public health and welfare, aquatic life, and recre-
ation. The criteria are not rules and they have no
regulatory effect. Rather, these criteria present
scientific data and guidance which can be used to
derive regulatory requirements based on considera-
tions of water-quality effects (U.S. Environmental
Protection Agency, 1980).
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Table 3.—Selected Federal water-quality criteria for freshwater aquatic life
[U.S. Environmental Protection Ager+cy, 1986a]

[mg/L, milligrams per liter; <, less than; u#g/L, micrograms per liter; *, hardness level of
100 mg/L used to calculate criteria; **, lowest observed effect level]

Aquatic life Aquatic life
Constituent or property acutel chronic?

Alkalinity, in mg/L as CaCOj3 <20
Ammonia, total, in mg/L Criteria pH and temperature dependent
Arsenic, total trivalent, ‘

inug/L as As 360 190
Cadmium, total, in #g/L as Cd 39* 1.1*
Chromium, total, in ug/L as Cr

Chromium, hexavalent 16 11

Chromium, trivalent 1,700* 210*
Copper, total, in ug/L as Cu 18* 12*
Cyanide, total, in mg/L as Cn 022 .0052
Dissolved oxygen, in mg/L <3.04.0 <55
Iron, total, in ug/L as Fe 1,000
Lead, total, in ug/L as Pb 82* 32
Mercury, total, in #g/L as Hg 24 012
Nickel, total, in g/L as Ni 1,800* | 9%*
pH, in standard units ‘ 6.5-9.0
Phenol, in xg/L 10,200** 2,560**
Phthalate esters, in ug/L 940** gss
Selenium, total, in ug/L as Se 260 35
Silver, total, in ug/L as Ag 4.1* 12
Temperature, in degrees Celsius Species dependent criteria
Zinc, total, in ug/L as Zn 320* 47

i

T

1Highest 1-hour average concentration that should not cduse unacceptable toxicity to

aquatic organisms during short-term exposure.

Highest 4-day average concentration that should not cayse unacceptable toxicity to

aquatic organisms during long-term exposure.

Section 303 of the Act specifies that water-quality
standards be developed for all surface water of the
United States. Development of standards involves
two steps. First, a stream segment is designated for a
specific use(s). Second, water-quality criteria, similar
to those discussed above, are established to preserve
or achieve the designated use. The water-quality
standard is developed through rulemaking proceed-
ings by State and Federal agencies. Thus, the criteria
for a specific stream use become standards when,
through rulemaking proceedings, the criteria are
applied to a specific stream segment designated for
that use.

The water-quality criteria for freshwater aquatic
life are divided into two categories based on toxicity:
acute and chronic. Acute toxicity refers to short-term
effects on the biotic system that often result in the
death of organisms. Chronic toxicity refers to long-
term effects on aquatic organisms including
bioaccumulation and reduction in population viability
(U.S. Environmental Protection Agency, 1986a).
A summary of the freshwater aquatic life criteria pub-
lished in 1986 for those water-quality characteristics

for which data are available for the Kentucky River
basin during the 1976-86 water years is provided in
table 3.

Current and proposed Federal drinking-water
standards are listed in table 4. A maximum contaminant
level goal (MCLG) is a nonenforceable health goal
which is set at the level at which no known or anticipated
adverse effects on the health of humans occur and which
allows an adequate margm of safety. A maximum
t level (MCL) is an enforceable standard

treatment techniques, and other means, which the
Administrator of the U.S. Environmental Protection
Agency finds generally available (taking costs into
consid&ration).” Finally, a secondary maximum
con t level (SMCL) represents a reasonable goal
for drinking water which is intended as a guideline for
the States and which is not a Federally enforceable
stan When a constituent exists at a level much
greater| than the SMCL, health implications as well as
aesthe! e degradation may exist.



State of Kentucky

The Federal water-quality criteria represent a
guideline for use by the States for the development of
State-specific, water-quality criteria. States may
adjust the published criteria to appropriately
represent local conditions based on a site-specific
analysis. Using the State promulgated criteria, the State
and the US. Environmental Protection Agency can
develop water-quality standards which serve the dual
purposes of establishing the water-quality goals for a
specific stream segment and serving as the regulatory
basis for the establishment of wastewater-treatment
requirements.

All surface water in Kentucky has been assigned an
aquatic life use (either warmwater or coldwater
aquatic habitat) and a recreational use (primary and
secondary contact recreation) by the Kentucky
Natural Resources and Environmental Protection
Cabinet, Division of Water. In addition, part of the
Red River, a tributary of the Kentucky River, is
classified as an outstanding resource water (Kentucky
Natural Resources and Environmental Protection
Cabinet, 1986). The designated uses for specific
streams or stream segments in the Kentucky River
basin, are listed in table 5. Streams or stream
segments not specifically listed in the table are

designated for the use of warmwater aquatic habitat,
primary contact recreation, secondary contact
recreation, and domestic water supply.

Surface-water-quality criteria adopted by Kentucky
are defined as the minimum criteria applicable to all
surface water to protect public health and welfare,
protect and enhance the quality of water, and fulfill
Federal and State requirements for the establishment
of water-quality standards. The surface-water-quality
criteria, as adopted by Kentucky and approved by the
U.S. Environmental Protection Agency, are listed by
category in table 6.

ASSESSMENT APPROACH

Organizations which have or are currently collecting
water-quality data in the Kentucky River basin were
identified through retrieval of water-quality records
contained in the U.S. Environmental Protection
Agency’s water-data management system (STORET)
and through contacts with representatives from
Federal, State, and local agencies and communities
within Kentucky. Data searches focused on those
ambient water-quality data collection programs hav-
ing a documented quality-assurance program in force
during the period of data collection. Effluent data
were excluded from quantitative statistical analysis.

Table 4. —Selected Federal drinking-water standards
[U.S. Bnvironmental Protection Agency, 1986b, 1986¢, and 1987]

[MCL, maximum contaminant level; MCLG, maximum contaminant level goal; PMCL, proposed MCL; PMCLG,
proposed MCLG; SMCL, secondary MCL; ug/L, micrograms per liter; mg/L, milligrams per liter]

Constituent or property MCL MCLG PMCL PMCLG SMCL
Arsenic, total, in ug/L as As 50 50

Barium, total, in #g/L as Ba 1,000 1,500

Cadmium, total, in #g/L as Cd 10 5

Chloride, dissolved, in mg/L as Cl 250
Chromium, total, in u#g/L as Cr 50 120

Copper, total, in ug/L as Cu 1,300 1,300 1,000
Dissolved solids, total, in mg/L 500
Fluoride, dissolved, in mg/L as F 4 2
Iron, total, in ug/L as Fe 300
Lead, total, in #g/L as Pb 50 5 0

Manganese, total, in #g/L as Mn 50
Mercury, total, in ug/L as Hg 2 3

Nitrogen, total nitrate, in mg/L 10 10

Nitrite, total nitrite, in mg/L 1

pH, in standard units 6585
Selenium, total, in zg/L as Se 10 45

Silver, total, in ug/L as Ag 50

Sulfate, dissolved, in mg/L as SO4 250
Zinc, total, in ug/l.as Zn 5,000
2,4-D, total, in g/L 1 07
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Biological Data

Biological data have been collected in the Kentucky
River basin by Federal, State, and academic organiza-
tions for more than a century. Early investigations of
aquatic organisms were reported by Rafinesque
(1820), Woolman (1892), and Danglade (1922). Later
studies by university graduate students (Giovannoli,
1926; and Neel, 1938) added to the limited historical
biological data for the Kentucky River.

Although some historical records were obtained,
most of the biological data used in this report are
from studies conducted by Kentucky Division of
Water (KDOW), Kentucky Nature Preserves
Commission (KNPC), Kentucky Department of Fish
and Wildlife Resources (KDFWR), and the Geologi-
cal Survey. Several notable research papers on
specific groups of organisms were also consulted and
are included in the reference list. Of particular note
are comprehensive works on the distribution of fish
species (Kuehne, 1962a; Branson and Batch, 1974,
1981a; Kuehne and Barbour, 1983; Burr and Warren,
1986; and Mills, 1988) and on aquatic and wetland
plants of Kentucky (Beal and Thieret, 1986).

Available biological data were evaluated to provide a
more complete discussion of water-quality conditions
in the Kentucky River basin, to determine the effects
of various land uses on aquatic-biological communi-
ties, and to identify degraded stream reaches within
the basin, as well as streams that have exceptional
water quality and abundant aquatic habitat.

Selection of Constituents and Properties
for Analysis

Selection of water-quality constituents and properties
for analysis was based on several criteria. Inorganic
constituents were selected from the National target
variable list for the NAWQA program (table 7)
(Hirsch and others, 1988) and supplemented based
on local water-quality issues. Organic compounds
were selected based on Federal and State water-
quality criteria and on knowledge of the use and
disposal of certain chemical products and substances
in the Kentucky River basin.

Evaluation of Water-Quality Data

Many agencies collect water-quality data for a host
of purposes, including: compliance with permits and
water-quality standards; development of remediation
plans for specific contamination problems; operational
decisions for industrial, wastewater, or water-supply
facilities; resource characterization; and research on
water-quality processes. Collectively, these data
constitute a sizable source of information that may be
suitable for regional-scale water-quality assessments.
Such data, however, need to be carefully screened
before use. The needs, uses, and types of water-
quality data vary widely, and data collected for one
purpose are not necessarily suitable for other
purposes.

Table S.—Stream-use designations in the Kentucky River basin
[Kentucky Natural Resources and Environmental Protection Cabinet, 1985a]

[WAH, warmwater aquatic habitat;
CAH, coldwater aquatic habijtat;
PCR, primary contact recreation;
SCR, secondary contact recreation;
ORW, outstanding resource water]

Stream name Stream segment Use designation
Chimney Top Creek Basin CAH, PCR, SCR
East Fork Indian Creek Source to Indian Creek CAH, PCR, SCR
Gladie Creek Basin | CAH, PCR, SCR
Middle Fork Red River Source to river mile 10.6 CAH, PCR, SCR
Red River River mile 68.6 t0 59.5 | WAH, PCR, SCR, ORW
Silver Creek Source to Kentucky River WAH, PCR, SCR
South Fork Elkhorn Creek Source to North Fork WAH, PCR, SCR

Elkhorn Creek
Swift Camp Creek Source to Red River CAH, PCR, SCR
Town Branch Source to South Fork WAH, PCR, SCR
Elkhorn Creek




Table 6. —Selected Kentucky surface water-quality criteria
[Kentucky Natural Resources and Environmental Protection Cabinet, 1985b]

[mg/L, milligrams per liter; ug/L, micrograms per liter; <, less than; mL, milliliters; *, primary contact recreation;
**, secondary contact recreation; ***, not to exceed natural seasonal variations; (soft), water has an equivalent
concentration of calcium carbonate of 0 to 75 milligrams per liter; (hard), water has an equivalent concentration of

calcium carbonate of over 75 milligrams per liter]

Domestic Warmwater Coldwater
water aquatic aquatic Recreational
Constituent or property supply habitat habitat! waters
Ammonia, total un-ionized, in mg/L 0.05
Arsenic, total, in ug/L as As 50
Barium, total, in ug/L as Ba 1,000
Beryllium, total, in ug/L as Be 11 (soft)
1,100 (hard)
Cadmium, total, inug/l. as Cd 4 (soft)
12 (hard)
Chloride, dissotved, in mg/L as Cl 250 600
Chromium, total, in ug/L as Cr 50 100
Copper, total, in g/l as Cu 1,000
Cyanide, total, in ug/L as Cn 5
Dissolved oxygen, in mg/L <4 <5
Dissolved solids, total, in mg/L 750
Fecal coliform bacteria, 2,000 200*
colonies/100 mL, 1,000**
Fluoride, dissolved, in mg/L as F 1
Iron, total, in ug/L as Fe 1,000
Lead, total, in zg/L as Pb 50
Manganese, total, in #g/L as Mn 50
Mercury, total, in ug/L as Hg 2
Nitrogen, total nitrate, in mg/L as N 10
pH, in standard units 6.0—-9.0 6.0—9.0*
6.0—9.0**
Selenium, total, in sg/L as Se 10
Silver, total, in ug/l as Ag 50
Sulfate, dissolved, in mg/L as SO4 250
Temperature, in degrees Celsius < 31.7 hihdd
Zinc, total, in ug/L as Zn 47

IWarmwater aquatic habitat criteria apply where none established for coldwater aquatic habitat.

All available water-quality data were initially
screened to remove those data which did not meet
specified criteria prior to analysis and interpretation.
Screening criteria included consideration of the type
of site (for example, instream ambient versus
wastewater discharge); methods of sample collection,
handling, preservation, and analysis; quality-
assurance practices; number of samples available and
their relation to the full range of expected flow con-
ditions; availability of concurrent streamflow
measurements; and availability of information on site
location. In addition to the above, chemical-logic
programs were used to screen data to eliminate
impossible values.

Many State and Federal agencies have collected
water-quality data in Kentucky and have entered
these data into STORET computer files. All available
water-quality analyses of surface-water streams in the
Kentucky River basin were obtained from STORET
and the U.S. Geological Survey water data storage
system (WATSTORE) and stored on a mainframe
computer as a merged file. Data for 3,400 water
samples collected from 167 surface-water sites were
obtained from WATSTORE; and 4,800 samples
collected from 418 sites were obtained from
STORET. These data were stored and processed
using the Statistical Analyses System (SAS)! data
base management system (SAS Institute, 1985).

The use of brand/firm/trade names in this report is for identification purposes only and does not constitute endorsement by the

U.S. Geological Survey.



Table 7. —National Water Quality Assessment Program target variable list for inorganic constituents and physical properties
[Hirsch and others, 1988}

Constituent
or

property

Principal effects

Water-quality issues

Human

Eco-  Agr-

health systems culture

Toxic
contami-
nation

Nutrient
enrich-
ment

Acidification

(acid precipita-
tion and mine

Soil erosion
sedimentation

drainage)

Salinity

General
suitability

Aluminum
Antimony
Arsenic
Barium
Beryllium
Boron
Cadmium
Chromium
Copper
Iron
Lead
Manganese
Mercury
Molybdenum
Nickel
Selenium
Silver
Zinc
Vanadium
Ammonium
Nitrate
Nitrite
Kjeldahl
Nitrogen
Orthophosphate
Total phosphorus
Calcium
Magnesium
Sodium
Suifate
Chloride
Alkalinity
Bromide
Fluoride
Total dissolved
solids
Suspended
sediment
pH
Specific
conductance
Temperature
Dissolved
oxygen
Gross Alpha
Gross Beta
Radon-222
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Extensive screening of data retrieved from
STORET was necessary. The U.S. Environmental
Protection Agency does not accept responsibility for
the quality control on data stored on STORET.
Rather, quality control is left to each agency
contributing data and the system has no internal edits.
Much unedited data were identified from the
STORET retrievals.

Several problems were encountered in the
retrieval of water-quality data from the STORET
data system. Latitude-longitude information for
many sites was inaccurate and although efforts were
made to resolve site location questions wherever
possible, the locations of several sites could not be
determined and the associated data could not be
used. About 7 percent of the pH values for the study
area placed in STORET during the 1976-86 water
years exceeded a value of 14 (the maximum possible
value for pH is 14.0).

Communication with water-data agencies contributing
information to STORET for the study area indicated
that some data were stored under incorrect param-
eter codes. For example, “total recoverable” analyses
were commonly stored as “total” for several param-
eters and some sampling medium codes were stored
under other variables, such as sampling depth.

Water-quality data entered into WATSTORE are
routinely passed through an alert system and chemi-
cal-logic programs that identify data not meeting
established edit criteria. Edit messages thus obtained
are analyzed and data are updated if appropriate.
STORET data from the study arca were edited in a
similar manner by developing computer software that
would duplicate the WATSTORE alert system and
chemical logic edit procedures as described in the
WATSTORE User’s Guide (Hutchinson, 1975). The
alert system identifies values for selected water-
quality constituents that exceed specified limits based
upon Federal and State criteria and standards.

Each sample was checked for anomalous values,
which were flagged for future correction or possible
removal from the data base. Anomalous values
included those that are outside the range of possible
environmental values, for example, dissolved constit-
uent concentrations greater than the total constituent
concentration. The chemical logic editing consisted
of checking constituent ratios, relations, and calcula-
tions. Data were accepted if the reported values were
within 10 percent of the expected value.

After initial data screening and site merges,
available water-quality data in the Kentucky River
basin consisted of about 8,100 samples from 550 sites.
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Selection of Current Record Period

For purposes of this report, water years 1976
through 1986 were selected as the “current-record”
period. The last major reservoir within the Kentucky
River basin (Carr Fork Reservoir) was placed into
operation in January 1976. Thus, the hydrologic sys-
tem was reasonably stable for the subsequent 11-year
period. The “current-record” period also coincides
with the period of record for Kentucky Division of
Water’s ambient monitoring network and the Geologi-
cal Survey’s National Stream Quality Accounting
Network (NASQAN) program. The term “historical
record” refers to all water-quality and associated
streamflow data obtained during the period 1951
through September 1986. Biological data collected
prior to 1951 were used when available, but only for
comparison to that of the “current-record” period.

Methods of Analysis

Various methods of analysis, mostly of mathematical
or statistical nature, were used to manipulate water-
quality and streamflow data to obtain values for
comparison. The results are presented in tabular and
graphical formats. Biological data were assembled to
qualitatively assess abundance and distribution of
aquatic organisms for determination of “stream
health” in the Kentucky River basin.

Treatment of Censored Data

Because of limitations in laboratory analytical
techniques and equipment, there is a lower limit,
below which the concentrations of a constituent or
compound cannot be accurately determined. It can
only be said, in such a case, that the concentration is
less than the detection limit. Such data are referred
to as censored. Because techniques differ among
laboratories and over time, data for a given constitu-
ent may contain censored values having several differ-
ent detection limits.

For this report, several methods for treating
less-than, or censored values, were used depending
on the type of analysis to be performed. In each case,
a method was adopted which maximized information
without sacrificing statistical integrity. The specific
treatment of values less than the detection limits is
discussed separately in the descriptions of statistical
methods.

Descriptive Statistics

Descriptive statistics were applied to two groups of
data. “Basin-wide” statistics represent the historical
record (1951-86) for all sites, regardless of the



number of samples at a site. These statistics were
used to report the range of constituent concentrations
in the basin and to show the spatial distribution of
median constituent concentrations. Observations
which were censored because their concentrations
were less than the lower limit of the analytical meth-
ods used were set equal to the detection limit.
“Individual-site” statistics were computed for only
those sites that had at least 10 determinations for a
given constituent at a specific site during the “current-
record” period (1976-86). While there is no single
number of determinations that is ideal for all
conditions, at least 10 determinations were required
to reduce the influence of unverified outliers and to
increase the degrees of freedom.

Statistical summary tables were prepared that list
the individual site period of record, the number of
sample observations, and selected data-percentiles.
A minimum of 30 observations was required for the
computation of the 10th and 90th percentiles because
percentiles computed from small sample sizes (less
than 30 observations) may be affected by outliers. If
censored values were present, the data were fit to a
log-normal distribution prior to computation of quan-
tiles. This log-normal-fitting procedure (D.R. Helsel,
U.S. Geological Survey, written commun., 1988), was
used to synthesize a “most probable” data distribu-
tion. Resultant quantiles computed from these
synthesized distributions are noted in the tables. The
number of censored values and the highest detection
limit values are also reported.

Boxplots

Boxplots (Tukey, 1977) were constructed to
graphically display the median, interquartile range,
quartile skew, and extreme data values for 1976-86
water year data from main-channel sites for selected
constituents and physical properties. A boxplot was
not constructed if less than 10 observations for a site
were available.

Boxplots consist of a box drawn from the 25th
percentile to the 75th percentile, comprising the
interquartile range. A horizontal line is drawn across
the box at the median and the two box portions thus
depict the quartile skew. Vertical lines (whiskers) are
drawn from the quartiles to the largest data value less
than or equal to the upper quartile plus 1.5 times the
interquartile range (upper adjacent value) and the
smallest data value greater than or equal to the lower
quartile minus 1.5 times the interquartile range (lower
adjacent value). Values more extreme in either direc-
tion than these values are plotted individually. Those
from 1.5 to 3.0 times the interquartile range (outside
values) are plotted with an asterisk. Data more
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extreme than 3.0 times the interquartile range
(far-outside values) are plotted with a circle.

Boxplots constructed for sites with censored data
were modified as follows: The data were fit to a
log-normal distribution prior to computation of
medians and quartiles (D.R. Helsel, U.S. Geological
Survey, written commun., 1988). A heavy horizontal
line was drawn across the boxplot at the highest
detection limit value, and any part of the box below
the highest detection limit was shown with dashed
lines. If the highest detection limit was greater than
the upper adjacent value, then no upper whisker was
drawn. If the highest detection limit was greater than
the 25th percentile, no lower whisker was drawn.
If the highest detection limit was less than the 25th
percentile value, but greater than the lower adjacent
value, the lower whisker was not extended below the
highest detection limit. Any outside or far-outside
values that were less than the highest detection limit
were not plotted.

Trend Analysis

The seasonal Kendall test is a nonparametric test
for trend detection applicable to data sets with
seasonality (Hirsch and others, 1982). With this test,
the effect of seasonal variation is reduced by compar-
ing observations from the same season of the year.
The null hypothesis for the seasonal Kendall test is
that no trend in the data exists (the variable values are
random and are independent and identically distrib-
uted). The test statistic (tau) has a value between
-1 and +1. Negative values indicate decreasing
trends, whereas positive values indicate increasing
trends. If no trend exists in the data, then tau
approaches zero. A significance probability (p-level)
of the trend is computed that indicates the probability
of erroneously rejecting the null hypothesis (that no
trend exists). The seasonal Kendall test is monotonic
and specifically designed to provide a single summary
statistic for the entire record. It should be noted that
the selection of the period of record for trend analysis
may significantly affect the outcome of the trend test.

The seasonal Kendall slope estimator is an
estimate of the magnitude of the slope of the trend
line. This statistic is computed by taking the differ-
ence of the data values and dividing by the period of
time s#parating the data values. The median of these
differences (expressed as slopes) is defined as the
change per year due to the trend. Use of the median
of these individual slope values reduces the effect of
extreme values on the trend estimate. The statistic is
also unaffected by seasonality because the slopes are
always computed between values that are multiples of
12 months apart (Hirsch and others, 1982).



Eleven sites were selected for trend analysis, based
on the number of determinations, number of constitu-
ents, and period of record. Four seasons per year
were selected, effectively breaking the year into
quarters for the seasonal Kendall test. Results are
reported in table form, including the period of record,
number of determinations and seasonal comparisons,
probability level, and the slope of the trend line, or
magnitude of the trend. Trend analyses based on less
than 10 seasonal comparisons were not reported.
Trend-line slopes that were not significant at the 0.20
p-level were not reported. The trend-line slope for
pH was reported only as increasing or decreasing
because it is inappropriate to compute the trend slope
magnitude on the basis of logarithmic units.

For censored data sets, sensitivity was tested by
applying the seasonal Kendall test after setting
less-than values to zero, then to the detection limit,
and comparing the results of the two trend tests. If
the results were similar, it was assumed that the pres-
ence of less-than values in the data set did not affect
the trend results, and the smaller magnitude trend
and the larger probability were reported. Criteria for
similarity were (1) both trend slopes had to have the
same numeric sign, and (2) each slope had to be
bounded by the 95-percent confidence limits of the
other slope. If the slopes were not similar, then it was
assumed that the presence of less-than values altered
the trend results. For these data sets, any values less
than the maximum detection limit were set equal to
each other at the detection limit before the trend test
was applied, and it was only reported that the trend
was increasing or decreasing.

Flow-Adjusted Trends

In many streams, some water-quality characteristics
are related to stream discharge. For example, much
of the constituent loadings may be from point sources
and any increase in flow would tend to be accompa-
nied by a decrease in concentration. Conversely,
some constituents are transported on suspended sedi-
ment, which tends to increase as discharge increases;
and an increase in flow might be accompanied by an
increase in total concentration.

If the rate of streamflow has changed with time,
then the concentration of a constituent may indicate a
trend entirely as a result of the change in streamflow.
Compensation for the effects of discharge is necessary
to identify trends in water-quality constituents caused
by some process (source) change. To minimize the
effects of discharge, the residuals method of flow
adjustment was used. In this method, a best-fit relation
between the constituent and discharge is derived. The
seasonal Kendall trend test procedure is then applied
to the residuals, or the actual concentrations minus the
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estimated conditional expected concentration. The
residuals represent the best-attempt to remove the
effects of discharge from the constituent value. Some
common models used for defining the relation
between a water-quality variable and discharge
include the following (Crawford and others, 1983):

Linear C=a+bQ equation 1
Ln-linear C=a+b(LnQ) equation 2
Quadratic C =a + b)Q + byQ? equation 3
Inverse C=a+b(1/Q) equation 4
Ln-La ILnC=a+b(LnQ) equation 5

where C is the constituent value;
Ln is the natural logarithm;
Q is the discharge; and
a and b are the constant and coefficient of the relation,
determined by least squares regression analysis.

Stream discharge in the Kentucky River basin has
exhibited trends during the period of record due to
periods of prolonged drought followed by periods of
average or above-average precipitation. An analysis
of trends in discharge was made for continuous-
record stations in the study area using the seasonal
Kendall test. Results of this analysis are given in
table 8. Discharge data throughout the Kentucky
River basin display a slight increasing overall trend
since the mid-1920’s. Two periods of significant
discharge trend in opposite directions are defined
within this long-term data. A strong increasing trend
in flow occurred from the early 60’s to the mid-70’s,
and a strong decreasing flow trend is indicated since
the mid-70’s. These periods correspond with comple-
tion of streamflow regulation structures on Buckhorn
Lake (December 1960) and Carr Fork Lake (January
1976), but the flow trends are considered a reflection
of precipitation trends rather than reservoir opera-
tions. Precipitation records from Lexington (fig. 10)
were tested with the seasonal Kendall procedures and
indicated similar trends as the streamflow data
(increasing trend during water years 1961-75 and
decreasing trend during water years 1976-86).

For each constituent at each of 11 sites, the best
model of the relation between the constituent and
discharge was determined using least-squares regres-
sion. At least 10 determinations of concurrent con-
stituent values and discharge were required. The null
hypothesis was that there was no relation between
constituent values and discharge. If the regression
analysis indicated a relation existed, the best model
was chosen on the basis of probability level of the
regression. If none of the models was significant at
the 0.20 probability level, then a flow-adjusted trend
was not determined. Data sets containing less-than
values were not used, because of the uncertainty of
deriving residuals from less-than values. Residuals
from the best-fit model were evaluated for trends
using the seasonal Kendall test.
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In most of the regression models, the residuals
have the same units as the constituents — for example,
mg/L. With the Ln-Ln model, however, residuals
would be reported as natural logs, such as natural log
(mg/L). Residuals from the Ln-Ln model were
estimated in original units using equations to compare
residuals from all models on the same terms:

r=C-DeaQb equation 6

where r is the residual;
D is the Duan smearing estimate; and
¢ is the base for the natural logarithm.

The Duan smearing estimate is a correction factor for
the bias introduced in detransforming dependent
variables (Duan, 1983).

Loads

The instantaneous load of a constituent in a stream
is simply the concentration of that constituent times
the discharge. The load of a constituent over time is
more difficult to estimate. Estimates based on mean
concentration multiplied by the mean discharge are
not accurate, for the same reason that the sum of
products does not equal the product of sums. In the
Kentucky River basin, quarterly or even monthly
samples are not likely to include the major runoff
events that normally carry a large percentage of the
total load of a stream.

Mean-annual loads for a selected period (water
years 1983-85) were estimated using periodic
water-quality samples and daily discharge values
available for water years 1976-86. Censored values
were set equal to one-half of the detection limit,
Loads were estimated for the same sites as for trend
analysis, with the exception of site 10.1, which had no
discharge record for the period. On the basis of the
data for the current-record period, a best-fit model
was developed:

Lan(CQ) =1+ at + b(sine )
+ c(cosine 8)+ d(Ln Q) equation 7
where C is the concentration in milligrams per liter;
Q is the discharge in cubic feet per second;
I is the regression intercept;
Ln is the natural logarithm;
t is the time, in decimal years, using September 30, 1975,
at 2400 hours as t = 0;
0 is the fractional part of the year, in radians; and
a, b, ¢, and d are the regression coefficients.

|
The sum (b sinc 6 + ¢ cosine 6) is a seasonality
term, and is the functional equivalent of applying a
phase shift and amplitude to a linear regression
model. The best combination of independent
variables was chosen as the best model, based on the
Mallows C, statistic (Mallows, 1964). The regression
coefficients and associated probability values of
models that were used to estimate constituent
transport for selected sites in the Kentucky River
basin for water years 1983-85 are summarized in

table 9.

The best-fit model based on available data for
water | years 1976-86 was applied to the selected
3 years of daily-values of discharge, the predicted log
value was detransformed and multiplied by the Duan
smearing estimate, and the 3 years of daily loads were
summed and averaged into a mean-annual load for
1983-85 water years. All loads are reported regard-
less of the significance of the regression, and several
uncertainty statistics are also reported for the reader.
The standard error of the regression, in percent, is a
measure of the goodness of fit of the regression
relation. The flow-duration, in percent, of the highest
sampled discharge gives an idea of the adequacy of
the sampling regime at high flow, when the largest
loads pccur. The percentage of load estimated using
discharge above the highest sampled flow is a
measure of the load that results from extrapolation
beyond the range of data used to derive the regression
relation. Because load increases with discharge and
because the true nature of the relation beyond the
range of data used is unknown, load estimates for
which a large percentage of the load was estimated by
extrapolation should be used with caution. It should
be noted that, occasionally because of differences in
the number of samples available or the discharge at
which the sample was taken, the estimated load of a
dissolved constituent is greater that that of the total
tration of the constituent, which in nature is a
impossibility.

Precipitation wetfall analyses from the National
Atmaspheric Deposition Program were used to
estimate the relative effect of precipitation chemistry
on stream yield of major ions in the basin. These
transport estimates from the National Atmospheric
Deposition Program data represent total load
assuming all constituent inputs from precipitation are
transported from the basin annually.




Table 9. — Regression coefficients and associated probability values of models used to estimate constituent transport for selected sites in the
Kentucky River basin, water years 1983-85
[Ln(CQ) =1 + at + b(sine ) + c(cosine 6) + d(Ln Q): where C is concentration in milligrams per liter; Q is discharge in cubic feet per
second; I is the regression intercept; Ln is natural logarithm; t is time, in decimal years using September 30, 1975, as t = 0; & is the
fractional part of the year, in radians; and a, b, c, and d are regression coefficients)

Regression coefficients Probability values
Site
number I a b c d a b c d
Aluminum, dissolved
3.0 0.1627 04771 0.0153
31 -2.4511 .6605 .0011
50 -2.0441 8170 .0009
70 -.3185 .6086 .0355
9.0 -4.4930 1.1712 .0000
10.0 -2.6550 .8180 .0000
Aluminum, total
2.0 -8.9311 -1.1949 1.0165 2.239%4 0.0000 0.0020 .0000
23 -14.7400 0.9247 -1.1229 -.0466 1.7405 0.0381 .0181 9160 .0000
26 -6.9638 -1.1994 7329 1.8741 .0072 1315 .0000
30 -7.3739 -7474 0816 1.7996 0002 7305 .0000
31 -2.3514 -.3633 4614 1.2611 .1070 .1068 .0000
5.0 -11.1451 2470 -4565 5436 1.9623 0677 .0147 0256 .0000
1.0 -9.0453 -4378 .0845 1.9459 .0051 6466 .0000
9.0 -8.2548 -5412 1350 1.8585 .0020 .6246 .0000
9.3 -11.0853 6947 -.8566 0631 14913 .0517 0270 8537 .0003
Arsenic, dissolved
3.0 -7.7020 5565 8472 .0722 .0000
93 -5.9736 -.1838 3611 .8651 .1092 0372 .0001
10.0 -7.1156 .0512 .9846 .0611 .0000
Arsenic, total
20 -9.2341 1144 1.1956 .1366 .0000
26 -7.4978 1.0626 .0000
3.0 -6.3179 -.3016 1.2597 .0000 .0000
31 -6.4462 -.0862 1.0232 .0040 .0000
50 -6.1554 -1533 1.0753 .0003 .0000
7.0 -6.0220 -1511 1.0640 .0000 .0000
9.0 -5.9818 -.1997 1.1017 .0001 .0000
9.3 -4.9767 .6393 .0000
10.0 -7.5651 1.1198 .0000
Barium, dissolved
3.0 -1.0596 .6024 .0001
31 -3.5914 7454 .0002
93 -6.4872 3346 -1261 2470 1.1327 .0060 0571 0151 0000
10.0 -4.1129 1.1160 .0000
Barium, total
20 -2164 -3729 1.0694 .0004 .0000
23 -1.3912 -.2898 1.1248 .0043 .0000
26 -1.18%4 -.2004 9616 .0015 .0000
3.0 -1.1040 -2161 974 0115 .0000
31 -2.1955 -.1841 1.0576 .0021 .0000
50 -1.4034 -1321 9867 .0138 .0000
7.0 -2.9281 1.0045 .0000
9.0 -2.2961 -.0994 1.0331 .1007 .0000
9.3 2.3041 -.6909 1.0694 .0000 .0000
Cadmium, dissolved
3.0 -4.8673 -4558 -6121 3762 1.1795 .0000 0071 .2008 .0000
31 -4.3419 -3767 1.0622 .0000 .0000
50 -0735 -6527 7544 .0000 .0000
70 -2.0637 -.3788 .7495 .0003 .0000
9.0 -2.1890 -4186 7945 .0000 .0000
10.0 -7.3789 -.0956 1.1154 1322 .0000
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Table 9. — Regression coefficients and associated probability values of models u.led to estimate constituent transport for selected sites in the
Kentucky River basin, water years 1983-85 — Continued
[Ln(CQ) = I + at + b(sine §) + c(cosine 8) + d(Ln Q): where C is concentration in milligrams per liter; Q is discharge in cubic feet per
second; I is the regression intercept; Ln is natural logarithm; t is time, in decimal years using September 30, 1975, as t = 0; 8 is the
fractional part of the year, in radians; and a, b, ¢, and d are regression coefficients)

Regression coefficients Probability values
Site
number ¢ a b c d a b c d
Cadmium, total
9.0 -2.0684 0.6425 1.0407 0.0000 0.0000
10.0 -8.5265 1.2197 .0001
Calcium, dissolved
20 5.1927 7563 .0000
23 6.1870 -2909 7565 0444 .0000
26 4.0595 7769 .0000
30 4.4680 1176 .6984 .0029 .0000
31 2.8542 7476 .0000
5.0 2.5414 1398 0.0831 0.2741 9854 .0009 0.4438 0.1217 .0000
7.0 3.0230 3533 A172 1.0604 .0036 .0009 .0000
9.0 2.1026 0572 1561 4509 1.1417 .0395 1233 .0003 .0000
93 3.9468 1.0615 .0000
10.0 3.8024 .0168 .0521 .0981 9682 .0032 .0379 .0002 .0000
Calcium, total
20 sAmm .7880 .0000
23 2.0817 2126 .2907 1979 7993 0278 .0078 0473 .0000
26 3.6187 .8909 .0000
3.0 2.8164 1921 0313 2879 .85%4 .0030 .6993 .0155 .0000
31 2.3891 0297 6824 1.0084 .8780 .0090 0000
5.0 4.2488 0936 .1463 9168 2571 1703 .0000
7.0 3.6725 1128 2182 9995 1427 .0268 .0000
9.0 3.4356 1703 2535 1.0366 .0392 0792 .0000
9.3 42144 1.0051 .0000
Carbon, total organic
2.0 1.4152 -.2045 3245 .8838 .0837 0426 .0000
23 .0135 -.3849 4146 1.1009 .0001 .0000 .0000
26 -1.7827 1923 -3771 5911 1.0729 .0872 .0043 .0003 .0000
3.0 2.2193 -2538 -.2681 4493 1.1317 .0104 .0366 .0111 .0000
31 1.0125 -.2060 4655 9287 2697 0567 .0000
5.0 2.0483 -.2289 -1082 5200 1.1351 0102 3432 .0014 .0000
70 2.3231 -2118 -1012 .3489 1.0904 .0063 2971 .0080 .0000
9.0 55226 -.2684 7330 1197 .0000
93 8328 1821 -.0866 3301 .8202 1064 4613 .0067 .0000
10.0 9316 -.0966 1.1300 0357 0000
Chloride, dissolved
20 3.6534 J211 1592 NI .0510 .0464 .0000
23 2.5703 8342 .0000
26 52112 4763 .0000
3.0 .8923 3273 .0610 4302 R .0000 529 .0001 .0000
31 1.3012 .0490 .1668 1716 931 .0524 .0349 0707 .0000
5.0 3.4831 1361 1845 3726 A .0004 0841 .0071 .0000
7.0 31377 .1289 .0843 .2995 . .0000 2778 .0013 .0000
9.0 32934 .1307 .1768 2128 8052 .0000 .0304 .0358 .0000
93 4.0609 1020 .0528 2807 @ .0167 5143 .0015 .0000
10.0 3.0635 0764 0177 2644 0000 7983 .0003 0000
Chromium, dissolved !
93 -7.1564 - -1295 5023 1.5584 .3011 .0132 .0000
Chromium, total
2.0 -7.7564 -3305 -.2989 .8146 1.8026 .0197 3049 .0486 .0000
23 -3.2940 -4039 1.17 .0014 .0000
26 -2.7738 -4203 1.1 .0026 .0000
3.0 -7.8838 -.3661 0565 121 0125 7288 .0000
31 -5.3377 -1570 1 .0013 .0000
5.0 -7.6693 1.17 .0000



Table 9. —Regression coefficients and associated probability values of models used to estimate constituent transport for selected sites in the
Kentucky River basin, water years 1983-85 — Continued
[La(CQ) =1 + at + b(sine 8) + c(cosine ) + d(Ln Q): where C is concentration in milligrams per liter; Q is discharge in cubic feet per
second; I is the regression intercept; La is natural logarithm; t is time, in decimal years using September 30, 1975, as t = 0; 8 is the
fractional part of the year, in radians; and a, b, c, and d are regression coefficients]

Regression coefficients Probability values
Site
number I a b c d a b c d
Chromium, total-Continued
70 -1.7298 1207 0.0000
9.0 -6.7443 -0.1675 1.1850 0.0058 .0000
93 -7124 -.6050 1.0963 0001 .0000
10.0 4.7358 1.0433 .0000
Cobalt, dissolved
93 -13.9966 8945 1.2390 0374 .0001
Cobalt, total
93 -5.8358 -0.3479 -0.5001 9439 0.1145 0.1187 .0087
100 -12.8082 1.7143 .0000
Copper, dissolved
20 -6.3821 2554 9512 1.1024 4293 .0280 .0010
23 -1170 -5516 7097 0773 .0011
26 1.6048 -.8196 7574 .0498 .0022
3.0 -3.7614 .7861 .0000
31 -5.3756 9225 .0000
50 -6.8992 -1526 .6911 1.2403 4800 0255 .0000
70 4.6599 9378 .0000
9.0 -5.5550 1.0408 .0000
9.3 -5.8755 1.0280 .0005
10.0 -6.2378 1.0970 .0000
Copper, total
20 -8.7153 -2164 -.6857 9224 1.8000 0199 .0010 .0013 .0000
23 -3.4490 -327 1.0892 .0014 .0000
2.6 -2.7863 -.439%4 1.1290 .0000 .0000
30 -4.3981 -1720 1.0413 .0002 .0000
31 4.8434 -1279 1.0045 .0018 .0000
50 -5.1184 -.1856 1.1446 0002 .0000
10 -3.1671 -.2495 9795 0000 .0000
9.0 -5.4817 -1307 1.1308 0116 .0000
9.3 -2.2127 -.4383 1.0935 .0000 0000
10.0 -1.3113 1195 1.2954 .0489 .0000
Dissolved solids, residue at 180 degrees Celsius
20 6.6956 0575 -.0916 0216 .7642 .0000 .0030 5696 .0000
23 4.6394 .0644 0341 .1980 9486 .0000 3435 .0000 .0000
26 5.4438 .0420 .0338 .1559 .8600 0235 5009 .0408 0000
30 5.1600 .1045 -1337 1576 9106 .0000 .0017 .0010 .0000
31 4.2395 -1012 1933 9764 .0330 .0007 .0000
50 5.2759 0488 0344 2555 9565 0315 5196 .0014 .0000
70 5.1811 .0565 0251 1380 9556 .0002 5258 .0071 .0000
9.0 5.2045 0562 0275 1279 9524 .0005 5117 .0180 .0000
93 5.9669 -0315 2318 9685 5181 .0002 .0000
10.0 53138 0354 -0223 .1023 9664 .0000 3596 .0001 .0000
Fluoride, dissolved
2.0 -1.3943 -0190 2815 .8815 8642 .0621 .0000
3.0 -2.3067 -1117 3545 9617 1372 .0001 .0000
5.0 -1.7358 -.0416 .0910 4329 9434 1258 1704 .0000 .0000
70 -1.5928 0967 .2558 8917 1247 0017 .0000
9.0 -1.5189 1831 2401 8924 .0076 .0055 .0000
93 1.7056 5331 ,0001
10.0 -8302 .0963 1638 8672 1280 .0123 .0000
Iron, dissolved
20 -2489%4 7408 -.1446 8786 0177 6894 .0001
23 -2.3455 8849 .0000
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Table 9. — Regression coefficients and associated probability values of models u%d 10 estimate constituent transport for selected sites in the
Kentucky River basin, water years 198385 — Continued
[Ln(CQ) =1+ at + b(sine 8) + c(cosine §) + d(Ln Q): where Cis coneentrLtion in milligrams per liter; Q is discharge in cubic feet per

second; I is the regression intercept; Ln is natural logarithm; t is time, in decimal years using September 30, 1975, as t = 0; 0 is the
fractional part of the year, in radians; and a, b, ¢, and d are regression coefficients]

Regression coefficients Probability values
Site +
number I a b c d a b c d
Iron, dissolved—-Continued
26 -1.2766 -0.3065 04763 0.0661 1. 0.0012 0.0262 0.8085 0.0000
30 -2.1554 -327 1.1 .0000 .0000
31 -1024 -2727 . .0000 0000
50 -3.0026 -.3120 1222 .0005 .0000
10 -2.4131 -.2086 1.043 .0197 .0000
9.0 -4.9082 1. .0000
93 -34323 8 .0186
10.0 -7.8381 1.4 .0000
Iron, total
20 -5.2499 -.0945 -.6768 .8014 .0383 .0000 .0001 .0000
23 -1.2733 -1751 -2494 1132 .0000 .0470 .3860 .0000
26 -2.4632 -1102 -2763 6867 .0105 0535 .0005 .0000
30 -4.8028 -1330 -4426 5089 0088 .0018 0073 .0000
31 - 7875 -3472 4622 .0034 0010 .0000
5.0 -6.8064 .0000
7.0 -5.6306 .0000
9.0 -5.4157 -1336 .1084 .0000
9.3 -2.0845 -3199 3141 0060 0085 0000
10.0 -3.2262 -.1494 .0998 0000
Lead, dissotved
20 -4.8511 -5113 -.6077 -1712 .1064 .0612 N7 0013
23 -71524 .0001
26 -8.2726 .0000
30 -6725 -5610 .0000 0000
31 -4.1476 -2757 .0003 0000
5.0 4.5679 -.9287 .0000 0005
70 7329 -5708 .0000 0000
9.0 5107 -.6039 .0002 0000
93 -2.1512 -4838 1583 0131
10.0 -6.9287 .0000
Lead, total
20 -7.0256 -2038 -7436 5075 1.4 .0349 .0007 0723 .0000
23 -4.9488 -2403 1.2;’% .0123 .0000
26 -4.7674 -3233 - 7463 4026 1.34¢ 0158 .0088 .2540 .0000
30 12427 -5309 1.0275 .0000 L0000
31 -3.2294 -3644 1.1037 .0000 .0000
5.0 9230 -5392 1956 -5360 811 .0000 .3609 0516 .0000
10 -.6746 -5436 9% .0000 .0000
9.0 9741 -.6922 . .0000 .0000
93 -1.1771 -4542 84 .0003 .0001
10.0 -6.2114 1.1 .0000
Magnesium, dissolved 1
20 3.1903 1390 7938 .0661 .0000
23 1.7560 .1206 .8953 .0518 .0000
26 3.0354 8314 .0000
30 3.0266 1222 7978 .0001 .0000
31 1.6588 8519 .0000
5.0 2.5098 1029 .8889 .0003 .0000
10 21m 9301 .0000
9.0 25227 : 9515 .0000
93 3.0239 0733 1584 7693 1236 .0317 .0000
10.0 2404 0324 0116 0744 9366 .0000 .6708 .0088 .0000



Table 9. —Regression coefficients and associated probability values of models used to estimate constituent transport for selected sites in the
Kentucky River basin, water years 1983-85 — Continued
[Ln(CQ) =1+ at + b(sine ) + c(cosine 8) + d(Ln Q): where C is concentration in milligrams per liter; Q is discharge in cubsic feet per
second; I is the regression intercept; La is natural logarithm; t is time, in decimal years using September 30, 1975, as t = 0; 8 is the
fractional part of the year, in radians; and a, b, c, and d are regression coefficients)

Regression coefficients Probability values
Site
number I a b c d a b c d
Magnesium, total
20 3.9951 0.8654 0.0000
23 2.9471 0.1968 0.0400 .8689 0.0381 0.6399 .0000
2.6 2.7400 9154 .0000
30 3.1257 0.1067 8044 0.0567 .0000
31 14577 0753 .1084 .9505 2661 .2001 .0000
5.0 3.4509 8757 .0000
7.0 29191 9280 .0000
9.0 2.9254 9255 .0000
9.3 2.8424 0657 .1556 .8408 S240 .1065 .0000
Manganese, dissolved
20 -1.2089 9551 -.3998 .7565 .0003 1736 .0000
23 -9131 4261 -.3563 .6939 .0157 .0697 .0000
2.6 -1.4497 5510 -2926 7875 0450 4141 .0001
30 -2.3384 9642 .0000
31 24211 1124 .0833 4814 8720 0656 5685 .0059 .0000
5.0 -9273 5668 -5578 6776 .0008 .0157 .0000
7.0 -1.3475 4144 -2653 6397 .0542 3135 .0000
9.0 -3.3203 5666 -2188 9028 .0038 3494 .0000
9.3 3326 4607 .0057
10.0 -4.5915 71339 - 7104 9863 0191 0253 .0000
Manganese, total
20 -53744 -0677 4473 1.5499 5980 0070 .0000
23 -2.2488 -0717 1.1313 .0188 .0000
2.6 -2.6375 .1356 2319 1.0962 2403 1331 .0000
30 -3.1268 1.1801 .0000
31 -1.8394 .1611 .3854 1.0035 .1011 .0014 .0000
50 -3.8597 3150 -.1636 1.1830 .0016 1917 .0000
7.0 -4.0063 3342 -0126 1.1673 .0169 9424 .0000
9.0 -4.4665 1953 -1236 1.2255 .0489 3674 .0000
9.3 -2.5325 1412 -.2587 3834 9040 .0157 .0220 0019 .0000
10.0 -6.6522 .0915 2922 15515 5227 0559 .0000
Mercury, dissolved
20 -9.6240 1.0950 .000S
23 -8.4857 .6345 -.3380 9528 .0748 4146 .0007
26 -10.0831 1.1867 .0000
3.0 -5.2226 -2354 8238 0147 .0000
31 -7.2397 -1147 9604 .0705 .0000
5.0 -6.9803 -3371 1.1680 .0333 .0000
7.0 -6.9072 -.3059 1.1317 .0197 .0000
9.0 48131 -4268 9976 .0078 .0000
9.3 -14.0395 6276 1.0327 .0063 .0000
Mercury, total
20 -8.8520 9872 .0000
23 -9.8288 1.1031 .0000
2.6 -11.1361 -.2709 7113 1.3429 .2876 .0319 .0000
30 -5.0319 -3611 9637 .0000 .0000
31 -6.2983 -.2632 9737 .0000 .0000
5.0 -4.2218 -5124 1.0166 .0000 .0000
7.0 -5.8804 -3728 1.0898 .0000 .0000
9.0 -5.3893 -.3803 1.0186 .0000 .0000
9.3 -8.9542 1.0048 .0000
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Table 9.—Regression coefficients and associated probability values of models used Lo estimate constituent transport for selected sites in the
Kentucky River basin, water years 1983-85— Continued
[Ln(CQ) =I + at + b(sine 8) + c(cosine #) + d(Ln Q): where C is concentration in milligrams per liter; Q is discharge in cubic feet per
second; I is the regression intercept; Ln is natural logarithm; t is time, in decimal years using September 30, 1975, as t = 0; @ is the
fractional part of the year, in radians; and a, b, c, and d are regression coefficients)]

Regression coefficients Probability values
Site
number I a b c d a b c d
il
Nickel, dissolved
30 -3.2760 0.7018 0.0000
31 -5.1651 .8027 | 0002
7.0 -3.3361 7388 | .0014
9.0 -4.3685 8468 0026
9.3 -1.9987 2461 2956
10.0 89148 0.3102 9938 0.0169 0000
Nickel, total
20 -10.3819 <0.7946 1.1587 1.7952 0.0007 0.0016 .0000
23 -.6627 -N32 1.0512 .0002 0000
2.6 -2.4916 -5231 1.1793 0074 .0000
3.0 4041 -.8935 12724 | 0650 .0000
31 8.0940 -1.6626 1.0815 .0135 .0000
5.0 .1058 -.8321 12164 | 0132 .0000
70 4.4093 -1.2187 1.0877 | .0491 .0000
9.0 7.3189 -1.6555 5838 2128 1.1182 .0060 0702 7248 .0047
93 2756 -5246 1204 .0049 .0007
10.0 -8.5937 1.4181 .0000
Nitrogen, dissolved as N !
100 -1.5564 2486 1399 2621 1.0616 | 0511 1927 .0439 .0000
Nitrogen, total as N
20 -2.4006 - 2472 3347 1.3439 0364 0345 .0000
23 -15709 1.1236 .0000
26 -1.0536 10715 .0000
3.0 -1.2158 -0166 1623 1.1243 | 8066 .0387 0000
31 -7962 1.1049 | 0000
50 -.6104 -.0654 1377 147 1.1537 | 0169 0823 1439 .0000
7.0 -1.5542 0399 1.1754 0964 .0000
9.0 -4181 .2058 0553 1.0853 .0019 4864 .0000
9.3 2.4688 1393 .6601 1189 .0000
10.0 -.6092 .0481 0569 1841 1.0888 0097 2325 .0003 .0000
Nitrogen, dissolved ammonia as N
20 5.2349 -8763 .6109 .1653 .0087
23 4.0319 .1531 9067 1.0089 5643 0342 0008
2.6 -1.9453 6917 0007
93 7.6010 5900 -.1666 -469%4 0130 5864 .1482
10.0 -5.3287 5349 .8991 1.2379 .0801 .0086 .0000
Nitrogen, total ammonia as N |
3.0 -1.6358 -2196 -.0627 3657 1.0783 .0000 6232 0133 .0000
31 -1.5732 -.1856 1.0310 0000 .0000
5.0 -1336 -3673 1.0523 .0000 0000
7.0 -1.4844 -2442 1.0924 .0000 .0000
9.0 5300 -2783 2658 -1411 8748 .0000 0498 .3966 .0000
9.3 5.9000 3393 0931 ‘ 0060 .4588
10.0 -3.5983 .1933 9527 0415 .0000
Nitrogen, dissolved organic as N
100 -1.6293 9744 .0088
Nitrogen, total organic as N
100 -3.1662 1110 -.1666 2994 1.2069 | 0116 1274 0092 0000
Nitrogen, dissolved ammonia + organic, as N i
10.0 -1.9930 -1275 4825 1.0781 4552 .0185 .0000



Table 9. —Regression coefficients and associated probability values of models used to estimate constituent transport for selected sites in the
Kentucky River basin, water years 1983-85 — Continued
[Ln(CQ) = I + at + b(sine ) + c(cosine ) + d(Ln Q): where C is concentration in milligrams per liter; Q is discharge in cubic feet per
second; I is the regression intercept; La is natural logarithm; t is time, in decimal years using September 30, 1975, as t = 0; 0 is the
fractional part of the year, in radians; and a, b, ¢, and d are regression coefficients]

Regression coefficients Probability values
Site
number 1 a b c d a b [ d
Nitrogen, total ammonia + organic, as N
20 -3.9721 0.5241 0.6541 14235 0.0022 0.0034 0.0000
23 1.7237 0.2765 8551 0.0158 .0000
26 -1.8359 -5932 5683 1.0342 .0022 .0281 .0000
30 -1.4203 -0973 -3021 2921 1.1556 .0009 .0015 .0067 .0000
31 -.2008 -1370 .9968 .0013 0000
50 -.2885 -1360 1.0667 .0004 .0000
7.0 -8478 -.0559 1.0676 .0287 .0000
9.0 .2656 -0943 9652 .0007 .0000
93 45336 1705 .2687 0672 0112 .0190 5695
10.0 -2.6732 0595 -.1626 2232 1.2089 .0003 0225 .0026 .0000
Nitrogen, dissolved nitrate + nitrite, as N
20 -3.1945 1.3202 0000
23 -2.3950 1.1055 .0000
26 -2.4958 1.1999 .0000
9.3 6.7164 -9863 1.3908 .0206 .0000
10.0 -1.0097 3527 0132 1.1013 .0076 9218 .0000
Nitrogen, total nitrate + nitrite, as N
20 0.5694 -1328 1.1737 1139 0000
23 -1.1413 -.1860 1.2493 1307 .0000
2.6 -1.2032 -2337 1.3853 .0445 .0000
30 -2.5146 0733 2870 .0968 1.1097 .0341 0111 4485 .0000
31 -3.2087 1.4981 .0000
5.0 -1.9853 .2801 1348 1.1806 .0069 .3036 .0000
7.0 -3.7598 .1080 .2962 -0362 1.2987 0104 .0238 8109 .0000
9.0 -3.2635 .1169 3539 1168 1.2595 .0044 .0021 3982 .0000
93 -2197 1.3072 .0000
10.0 -5442 .0670 174 0951 1.0151 .0044 .0055 1243 .0000
Phosphorus, dissolved as P
20 12.4875 -1.9198 .6289 .0275 .0305
26 23.3464 -2.9744 -.3630 -1.9877 .0003 2719 .0001
93 4.6331 2508 -1475 .0537 2465
10.0 -3.0445 .2167 .2910 1.0705 .0209 .0063 .0000
Phosphorus, dissolved ortho as P
9.3 3.7382 2033 .0641
10.0 -3.3265 7345 0757 1.0662 0152 7892 .0000
Phosphorus, total as P
20 -5.4920 -.1664 -6770 1379 15753 0753 .0012 .0066 .0000
23 -5.8186 -5357 3241 1.3707 0114 1441 .0000
26 -1.2299 -3425 1.0792 .0008 .0000
30 -5.2308 -1399 -.3909 1413 1.3851 .0019 .0069 3871 .0000
31 4.0325 -.3218 4367 1.1545 074 0573 .0000
50 -3.7616 -.0847 2262 4139 1.2498 0373 0522 .0067 .0000
7.0 -3.9578 1943 .0480 1.1939 .0357 .6541 .0000
9.0 -3.1255 2349 1764 1.1287 0041 0774 .0000
93 1.3388 0848 0961 2394 6309 1081 3199 0242 0000
100 -3.7900 .0841 2360 1234 2622 .0028 .0000
Potassium, dissolved
20 2.3605 -.0919 1332 .8037 0255 0156 .0000
23 1.1154 -0528 -0743 2507 9761 1385 .0815 .0005 .0000
26 1.3676 -1281 1874 8841 .0224 .0366 .0000
30 1.4085 .0639 -0724 2262 8742 .0015 2312 0077 .0000
31 .1580 1020 -1364 4221 9634 .0001 .0780 .0000 .0000
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Table 9. — Regression coefficients and associated probability values of models used to estimate constituent transport for selected sites in the
Kentucky River basin, water years 1983-85 — Continued
[Ln(CQ) =1 + at + b(sine 8) + c(cosine 8) + d(Ln Q): where C is concentration in milligrams per liter; Q is discharge in cubic feet per
second; I is the regression intercept; Ln is natural logarithm; t is time, in decimal years using September 30, 1975, as t = 0; 8 is the
fractional part of the year, in radians; and a, b, ¢, and d are regression coefficients)

Regression coefficients Probability values
Site -+
number I a b c d ‘ a b c d
Potassium, dissolved—Continued }
50 1.2477 0.0329 0.0149 0.3180 0.9351 0.1286 0.8242 0.0100 0.0000
70 1.0957 0427 .1070 2535 9331 | .0033 .0230 .0000 .0000
9.0 1.6534 .0241 .1446 1230 .8866 | .1433 0173 .0589 .0000
9.3 3.8341 .0032 2464 4818 9424 .0010 .0000
10.0 9543 -.0584 2879 .9861 .0364 .0000 .0000
Potassium, total
20 19517 -.1008 1967 .8790 .0439 .0060 .0000
23 -3248 1024 -1226 3362 1.0003 .0048 .0024 .0000 .0000
26 1.2476 -1129 2710 9067 1096 .0037 .0000
3.0 1.6611 -.0607 .2833 9127 1446 .0000 .0000
31 1.8032 -.1070 -0771 3973 9654 .0339 .2335 .0000 .0000
50 1.7923 -0622 -.0507 3221 9672 1191 .3519 .0001 .0000
7.0 .6614 -.0674 3363 1.0297. 1737 .0000 .0000
9.0 8445 -.0007 3493 1.0091 9897 .0021 .0000
9.3 2.7193 -0673 .3948 7589 5081 .0003 .0000
Silica, dissolved as SiO; \
20 -1.2991 1.4489| .0000
23 1.8615 .0590 -2410 9640 4530 0478 .0000
26 4184 12060 .0000
30 1.6954 .2568 -.1439 .9901 0610 .2269 .0000
31 1.8948 .2099 -1299 9758 .0407 .1467 .0000
70 -1.5142 13341, .0002
9.0 -0697 1.1599! .0010
93 1.4140 -.0069 3409 11125 9215 0049 .0000
100 1374 -.0265 1.1856 | .0347 .0000
Silver, total ‘
100 -12.6829 8423 9496 .0003 .0000
Sodium, dissolved
20 6.0387 -1111 .0960 0693 5888 0217 .0887 3574 .0000
23 2.2728 .0480 .2700 8869 5469 .0239 .0000
26 4.5285 6225 .0000
3.0 3.8946 .0878 6711 0277 .0000
31 13133 8911 .0000
50 4.5566 .3182 .1098 .7081 0978 .7068 .0005
7.0 4.0716 .3664 .0881 7462 0103 5170 .0000
9.0 4.2152 3530 -0529 7218 0172 .7093 .0000
9.3 5.8507 .0699 2279 4333 2852 0212 .0002
10.0 3.0387 .0624 .0095 .2358 8566 0000 8755 .0002 .0000
Sodium, total
20 4.7185 6623 .0000
23 2.7782 2252 3211 8326 2428 .0851 .0000
2.6 4.3010 6597 .0000
3.0 -6790 5924 1554 .3969 71306 .0000 .2190 .0214 .0000
31 1.0744 .9839 .0000
50 7409 .2887 .0292 4837 9032 0138 8490 .0195 .0000
7.0 .0576 .3087 -.0304 3726 9362 .0038 8204 .0342 .0000
9.0 -2.6020 6679 .2483 2515 .8817 .0000 0413 .1961 .0000
9.3 4.7689 -0137 2787 7089 9167 .0280 .0000
Strontium, dissolved
10.0 -5382 1527 1295 .0377 .0000



Table 9. —Regression coefficients and associated probability values of models used to estimate constituent transport for selected sites in the
Kentucky River basin, water years 1983-85 — Continued
[Ln(CQ) =1+ at + b(sine 8) + c(cosine §) + d(Ln Q): where C is concentration in milligrams per liter; Q is discharge in cubic feet per
second; I is the regression intercept; Ln is natural logarithm; t is time, in decimal years using September 30, 1975, as t = 0; 6 is the
fractional part of the year, in radians; and a, b, c, and d are regression coefficients}

Regression coefficients Probability values
Site
number )| a b c d a b c d
Sulfate, dissolved as SO4
20 6.2046 0.0589 -0.1016 -0.0695 0.7137 0.0124 0.0279 0.2158 0.0000
23 3.3265 0997 .0400 1367 9681 .0001 3733 .0120 .0000
2.6 42353 .0938 8432 .0064 0000
31 2.77157 1627 -.0824 9801 .0593 2739 .0000
9.3 43014 1352 .0857 2057 7007 1426 1211 0175 .0000
10.0 4.0929 .0436 9253 .0000 .0000
Sulfate, total as SO4
20 6.2653 7961 .0000
23 4.8207 1656 0515 8507 .0140 3245 .0000
2.6 47845 8817 .0000
30 48876 .0975 8173 .0000 .0000
31 2.6943 .0300 1153 1.0155 5344 0492 .0000
5.0 4.7098 .0490 .0549 1365 8661 .0049 2598 .0324 .0000
70 43557 .0580 .8768 .0001 .0000
2.0 43454 0735 1153 -.0458 8647 .0001 .01%4 4470 .0000
9.3 49352 -.0252 2172 7898 7752 0127 .0000
Suspended sediment
2.0 -4.0779 -1.1890 1.0091 2.2080 .0000 .0000 .0000
23 -1575 -.1669 -5379 5143 1.8222 .0020 .0011 .0043 .0000
2.6 -1.9466 -1.0628 1.0887 1.7915 .0000 .0000 .0000
3.0 -.8332 -.1296 -5187 1547 1.6810 .0035 .0006 3305 .0000
31 1.7298 -.5596 .3400 1.3748 .0015 .0728 .0000
50 -4.3920 -.3090 2456 1.9385 .0420 .2088 .0000
70 -1.0868 -.0824 -2208 -.2255 1.5870 0567 .0996 1523 .0000
9.0 -2.3398 1.6724 .0000
9.3 .8639 -.4485 .1991 1.2866 .0085 2515 .0000
10.0 -1.1040 -1256 1.6491 .0000 .0000
Zinc, dissolved
20 7416 -.7283 9170 .1496 0265
23 -9.4985 -9739 2.6863 1.6930 .1619 0351 0047
26 -6.9261 3536 1.8282 1.3247 5205 .0486 0045
3.0 -4491 -.2301 7126 0172 .0000
31 -3.1253 -.1474 9083 .0268 .0000
50 -3.7000 9299 .0000
7.0 -2.8195 .8160 .0000
9.0 -5.1832 1.1273 .0000
23 2.7928 -1279 .6866 .0057 .0028
10.0 -6.3769 1.1339 .0000
Zinc, total
20 -8.0363 -5254 .8888 1.6647 .0052 .0007 .0000
23 -5.7982 -.4806 6834 1.2570 1534 .0598 .0000
26 -1.4985 -.2827 .9039 0862 .0000
30 -34723 -2871 -4753 .2893 1.2320 .0006 0163 3108 .0000
31 -3.7797 -0977 1.0230 0175 .0000
5.0 -5.1921 1.1370 0000
7.0 -3.9030 -.1052 1.0856 .1580 .0000
9.0 -3.4857 -.1697 1.0799 0702 .0000
9.3 21197 -.4030 5036 .0003 .0057
100 -6.6301 .0834 -.1956 3707 13511 .0963 2129 0277 .0000
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Biological Data

Aquatic biological communities are important in
stream assessments because the abundance and
distribution of aquatic species or groups of organisms
reflect intermediate to long-term changes in water-
quality conditions, as well as the influences of drain-
age basin physiography. Algal communities can
reflect relatively short-term (days to months) changes
in water quality and aquatic habitat. For example,
streams affected by oil-field brines frequently are
dominated by halophilic ("salt-loving") diatoms, and
streams which receive discharges of sewage effluents
are characterized by dense growths of algal taxa
associated with nutrient enrichinent. Alterations of
aquatic environments may also be detected by
changes in the community composition of benthic
macroinvertebrates. Streams with rocky substrata
and well-oxygenated water usually support communi-
ties dominated by aquatic insects (Ephemeroptera
(mayflies), Plecoptera (stoneflies), and Trichoptera
(caddisflies)). A shift in dominance to more tolerant
taxa such as Dipterans (midges) and Oligochaetes
(worms) often occurs in response to increases in
sedimentation or nutrient enrichinent.

The number and types of fish species are also an
indication of water-quality conditions. For example,
the number of darter species usually decreases in
streams with degraded water quality and large
amounts of sediment (Clay, 1975). Clean-water
streams support a variety of sensitive taxa, including
game species such as trout and muskellunge (muskie).
In contrast, fish communities found in polluted water
are frequently limited to tolerant species such as carp,
and mosquito fish (Gambusia sp.).

Streams draining similar physical environments
should support similar organisms and consequently
provide a more realistic comparison of water- quality
conditions in the basin. Because environmental
disturbances frequently affect the entire aquatic
community, groups of organisms cominonly sampled
in water-quality surveys will be discussed collectively
for a particular stream.

SOURCES AND CHARACTERISTICS OF
AVAILABLE SURFACE WATER-QUALITY DATA

All possible sources of surface water-quality data
for the “historical” (1951-86) and “current-record”
(1976-86) periods were evaluated for inclusion in the
assessment. Principal sources were governmental
agencies, but data collected by universities and other
nongovernmental agencies were also used when avail-
able. Compilation of the available data indicated
some spatial and temporal variability resulting from

the unique mission and objectives for sampling for
each of the different agencies. Some data consisted
of numerous samples collected only one time
throughout the basin; others were periodic, collected
at specific sites. Similarly, some samples were
analyzed for a specific constituent, others for multiple
constituents. The majority of the water-quality data
characterizes the physical properties, major ions,
trace elements, major metals, and nutrients of surface
water |in the basin; whereas synthetic organic
chemical, radio-chemical, and bacteriologica! data
are relatively limited.

Sources of Data

Six principal agencies were identified as having
sampled water-quality in the Kentucky River basin.
These agencies are:

o Kentucky Division of Water

Kentlucky Department for Surface Mining Reclamation
and Enforcement

U.S. Army Corps of Engineers
U.S. Environmental Protection Agency

U.S. Geological Survey
U.S. Office of Surface Mining Reclamation and

forcement

Spatial Distribution of Sampling Sites

The locations of the sampling sites of each agency
are dependent on the sponsoring agency’s mission,
purpose, and their particular goals for sampling.
Locations of sampling sites are also affected by the
level of knowledge of the factors influencing water
quality and the accessibility and suitability of sites for
sampling. The U.S. Army Corps of Engineers has
collected water-quality data generally related to
operation of reservoirs in the basin. Both the
Kentucky Department for Surface Mining Reclama-
tion and Enforcement and the U.S. Office of Surface
Mining Reclamation and Enforcement have collected
water-quality data primarily in relation to coal-mining
activities in the Eastern Coal Fields. The U.S. Envi-
ronmental Protection Agency has sampled in the
basin in response to its regulatory and assessment
mandates. The Kentucky Division of Water maintains
a network of sampling stations throughout the basin
and has collected monthly data to assess water-quality
conditions. The Geological Survey also maintains a
network of streamflow-monitoring stations through-
out the Kentucky River basin, has obtained periodic
water-quality samples at one site as part of the
National Stream Quality Accounting Network
(NASQAN), and has obtained miscellaneous samples
at other sites as part of special investigative projects.



Water-quality data at several sites were collected by
more than one agency and these data were pooled
prior to analysis as described earlier in the report.
The locations of surface water-quality data-collection
sites through 1986 are shown in figure 11.

Temporal and Hydrologic Distribution
of Samples

In addition to site location, the degree of sample
repetition is dependent on the purpose of sampling.
Numerous factors need to be considered when
designing a sampling strategy and protocol. Some of
these include: program goals and objectives; environ-
mental factors affecting the constituents of interest
and their variation with time; time scales of interest
(short term or long term); statistical procedures to be
used when addressing goals and objectives; the error
that can be tolerated in results; and practical
constraints, such as costs. Samples obtained for
monitoring purposes are generally collected on some
periodic schedule, but those obtained for regulatory
purposes may not always be repeated. About 80 per-
cent of the sampling sites in the Kentucky River basin
have been sampled fewer than 10 times. Only 30 sites
in the basin had 10 or more measurements of one or
more constituents obtained during the “current-
record” period of the 1976-86 water years (fig. 12,
table 10). The current-record period data base from
these 30 sites consisted of about 2,300 samples,
containing 34,000 individual determinations for 93
different constituents or properties. The land uses
upstream from 13 of these 30 current-period sites are
listed in table 11.

The number of surface water-quality samples
collected in the basin each water year has increased
from less than 40 per year in the 1950’s to more than
700 in the early 1980’s (fig. 13). The Geological Survey
collected data at many sites for special studies related
to coal mining in the late 1970’s and early 1980’s. The
water-quality monitoring program of the Kentucky
Division of Water was started in the mid-1970’s and
accounts for most of the data available for individual
site statistical analyses for the “current-record”
period. The other sources of data obtained during
this period were from the Geological Survey
NASQAN station, which began operation in 1973,
and miscellaneous data obtained during streamflow
monitoring by the Survey.

Figure 14 shows that the temporal distribution of
sample collection during the period 1951-86 in the
Kentucky River basin has seasonal bias, with fewer
samples collected in winter than during any other
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season. Data obtained for monitoring purposes show
less seasonal bias because sampling schedules are
usually fairly rigid.

Because streamflow and related constituent
concentrations vary throughout the year, a sampling
of water quality should ideally represent the entire
range of streamflow conditions. High-flow conditions
are representative of surface runoff and contribute a
large proportion of the annual constituent load. Low-
flow conditions are generally indicative of baseflow
contributions from ground water and usually contain
the highest concentrations of dissolved constituents.
The distribution of samples collected over the flow-
duration curve for selected sites within the basin is
shown in figures 15, 16, and 17. The solid line shows
the flow-duration curve of daily streamflow during the
water years 1976-86. The points represent instanta-
neous discharge at the time of sampling. Sampling
that is perfectly representative of the flow regime
would be evident in two ways. First, the points would
extend to each end of the flow-duration curve.
In practice, this can be achieved only by collecting
many more samples or scheduling sampling to meet
specified flow conditions. Second, the points would
lie exactly on the curve. Figures 15, 16, and 17 show
that, in general, sampling is not biased toward a
particular flow condition. Low-flow sampling has
been adequate. However, the figures also show that
relatively few high-flow events were sampled at these
sites. High-flow sampling has been adequate at sites
3.1 and 7.0, and consistently less-than-adequate at site
2.0. For a given exceedance probability at site 2.0,
sampled discharge toward the upper end of the curve
is only half of that expected from the distribution of
daily flows. The flow duration at times of sampling
for selected constituents and properties for sites
based on available data for water years 1976-86 is
shown in table 12.

Types of Water-Quality Determinations

The number of samples obtained in the Kentucky
River basin by major property and constituent groups
are shown in figure 18 for the historical and current-
record periods. The major ions group had the largest
number of samples during both periods whereas
synthetic organic chemical and radio-chemical data
represented a small portion of samples collected in
the basin. Thus, the data base contains a relatively
large number of analyses useful in addressing issues
such as salmity but relatively few analyses that are
needed to address issues of more recent concern,
such as contamination of water by potentially toxic
organic compounds or radionuclides.
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Table 10. —Surface water-quality sampling sites in the Kentucky River basin at which ten or more
measurements of one or more constituents were obtained during water years 1976-86

[Kentucky River mile is at mouth of listed basin or at site on main stem]

Kentucky Drainage
Site River U.S. Geological Survey station name and number area
number mile (square miles)

4173 BOONE FORK BASIN 194

0.1 03277260  Yonts Fork near Neoh 124

367.8 CARR FORK BASIN 855

0.2 03277450  Carr Fork near Sassafras 60.6
1.0 361 03277500  North Fork Kentucky River at Hazard 466
317.7 TROUBLESOME CREEK BASIN 246
11 03278500  Troublesome Creck at Noble 177
2.0 304.5 03280000  North Fork Kentucky River at Jackson 1,101
258.6 MIDDLE FORK KENTUCKY RIVER BASIN 559
21 03280600  Middle Fork Kentucky River near Hyden 202

2.2 03280700  Cutshin Creek at Wooton 61.3
23 03281000  Middle Fork Kentucl&y River at Tallega 537

|

2548 SOUTH FORK KENTUCKY RIVER BASIN 748
24 03281040  Red Bird River near Big Creek 155
25 03281100  Goose Creek at Manchester 163
26 03281500  South Fork Kentucky River at Booneville 722
3.0 249 03282000  Kentucky River at Lock 14, at Heidelberg 2,657
190.8 RED RIVER BASIN 487

31 03282500  Red River near Hazel Green 658
3.2 03283200 Red River at Highway 77 near Bowen 184
33 03283500  Red River at Clay City 362
4.0 176.4 03284000 Kentucky River at Lock 10, near Winchester 3,955
150.3 SILVER CREEK BASIN 126

4.1 03284300  Silver Creek near Kingston 286
5.0 135.9 03284500  Kentucky River at Camp Nelson 4425
135.3 HICKMAN CREEK BASIN 101

51 03284550  West Hickman Creck at Jonestown 11.0
1182 DIX RIVER BASIN 442
52 03285000  Dix River near Danville 318
6.0 96.2 03287000 Kentucky River at Lock 6, near Salvisa 5,102
7.0 684 03287400  Kentucky River above Frankfort 5,292
8.0 658 03287500 Kentucky River at Lock 4, at Frankfort 5411
9.0 56.0 03287570  Kentucky River below Frankfort 5,420
519 ELKHORN CREEK BASIN 500
9.1 03288000  North Elkhorn Creek near Georgetown 119

9.2 03289000  South Elkhorn Creek at Fort Spring 24.0
9.3 03289300  South Elkhorn Creek near Midway 105
9.4 03289500  Elkhom Creek near Frankfort 473
10.0 31.0 03290500  Kentucky River at Lock 2, at Lockport 6,180
11.0 EAGLE CREEK IN 519
10.1 03291500  Eagle Creek at Glen 437




Table 11.—L and use upstream from selected stream sites in the Kentucky River basin

Land use, in percent

Site Drainage area, Agri- Lakesand  Mining
number USGS station name in square miles Urban culture Forest reservoirs  activities
20 North Fork Kentucky River at Jackson 1,101 0.3 0.2 95.2 0.1 42
23 Middle Fork Kentucky River at Tallega 537 1 12 96.0 1 26
2.6 South Fork Kentucky River at Booneville 722 2 59 928 .0 1.0
3.0 Kentucky River at Lock 14, at Hiedelberg 2,657 3 30 94.0 a1 26
31 Red River near Hazel Green 65.8 2 120 87.8 .0 1
4.0 Kentucky River at Lock 10, near Winchester 3,955 13 123 84.5 1 19
50 Kentucky River at Camp Nelson 4,425 15 19.6 771 1 1.7
5.2 Dix River near Danville 318 34 68.4 279 0 4
80 Kentucky River at Lock 4, at Frankfort 5,411 24 2.0 66.9 1 15
9.3 South Elkhorn Creek near Midway 105 231 754 1 0 8
100 Kentucky River at Lock 2, at Lockport 6,180 34 344 60.7 1 1.3
10.1 Eagle Creek at Glencoe 437 4.7 573 37.8 1 0

Kentucky River at Mouth 6,964 36 370 58.0 1 1.2

National Uranium Resource Evaluation
Program Data

The National Uranium Resource Evaluation
(NURE) program was established by the U.S.
Department of Energy to evaluate domestic uranium
resources in the continental United States. Samples of
stream water and streambed sediments were obtained
during the period 1978 through 1980 at thousands of
sites in 37 States. Data obtained as a result of the
NURE program were intended for use in identifying
broad areas for further study. The following discus-
sion of NURE sampling data and methodology is an
excerpt from Sargent and others (1982).

Stream-water and streambed-sediment samples
were obtained in many but not all counties in the
Kentucky River basin. Field measurements of pH,
specific conductance, and alkalinity were obtained at
stream sites. About 1,450 stream-water samples were
analyzed for concentrations of major ions (sodium,
magnesium, bromide, chloride, fluoride, and
aluminum) and selected trace elements (manganese,
dysprosium, vanadium, and uranium). About 1,200
streambed-sediment samples were analyzed for total
or total-recoverable concentrations of aluminum, bar-
ium, beryllium, boron, calcium, cesium, chromium,
cobalt, copper, dysprosium, europium, hafnium, iron,
lanthanum, lead, lithium, lutetium, magnesium, man-
ganese, miobium, molybdenum, nickel, phosphorus,
potassium, samarium, scandium, selenium, sodium,
strontium, thorium, titanium, uranium, vanadium,
yttrium, ytterbium, zinc, and zirconium.
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National Atmospheric Deposition Program

The National Atmospheric Deposition Program
(NADP) is a program to determine regional
geographical patterns and long-term trends in the
chemical composition of wet atmospheric deposition
(Bigelow, 1986). Collection of data began in 1978 at
seven sites. By 1983, the collection network contained
190 sites. Three sites are near the Kentucky River
basin, in Boyle, Letcher, and Rowan counties. Analy-
ses of weekly precipitation samples for the period
1984-86 were obtained for the three sites. Data
included precipitation amounts, pH, specific conduc-
tance, and concentrations of major dissolved ions.
Descriptive statistics were compiled for each site, and
annual precipitation loadings were computed.
Because the three sites are not located near urban
areas, loadings projected to the Kentucky River basin,
which includes several urban areas, are probably con-
servative. Trends were not analyzed because of the
short period of record. Because results were basically
the same at all three sites, discussion in this and later
sections is limited to only one site-Perryville Battle-
field in Boyle County, about 30 miles southwest of
Lexington.

Pollutant-Discharge Estimates

Estimates of current average annual pollutant
discharges in the Kentucky River basin were com-
piled by Gianessi (1986). Both point and nonpoint
sources were considered. For nonurban-nonpoint
sources, the estimates were developed cooperatively
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Figure 13.-—Number of surface water—quality samples collected in

the Kentucky River basin, water years 1951-86.



Tty e,
..........
...........
...........
..........

.......

.............
.............

.............
.............

.............

et At et 2,

[ I WU W N N SO A T

I8 S §ll§l|lo

HLNOW H3d S3T1dWVS 40 H3gnnNN

53

Figure 14.——Number of surface water—quality samples collected in
the Kentucky River basin by month
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Table 12. — Percentage of water-quality samples obtained during specified flow-duration ranges for selected constituents,
properties, and sites in the Kentucky River basin, based on available data for water years 1976-86

[NQ, number of samples with corresponding discharge information; <, less than; >, greater than)

Percentage of samples obtained

Site USGS station name NQ in indicated flow duration
number <9 <75 >25 > 10
Specific conductance, in microsiemens per centimeter
0.2 Carr Fork near Sassafras 72 42 15.3 29.2 16.7
1.0 North Fork Kentucky River at Hazard 64 31 125 250 15.6
11 Troublesome Creek at Noble A4 4.2 375 83 42
20 North Fork Kentucky River at Jackson 89 34 10.1 225 6.7
21 Middle Fork Kentucky River near Hyden 63 12.7 254 270 6.3
22 Cutshin Creek at Wooton 68 118 235 294 59
23 Middle Fork Kentucky River at Tallega 92 0.0 12.0 26.1 14.1
24 Red Bird River near Big Creek 62 9.7 339 17.7 9.7
25 Goose Creek at Manchester 68 74 265 250 17.6
26 South Fork Kentucky River at Booneville 89 6.7 18.0 19.1 6.7
3.0 Kentucky River at Lock 14, at Heidelberg 116 6.0 19.0 259 121
31 Red River near Hazel Green 148 88 18.2 324 12.2
33 Red River at Clay City 3 68 219 30.1 9.6
4.0 Kentucky River at Lock 10, near Winchester 47 4.3 149 17.0 21
41 Silver Creek near Kingston 41 171 268 14.6 9.8
50 Kentucky River at Camp Nelson 12 16.7 25.0 25.0 16.7
51 West Hickman Creek at Jonestown 45 15.6 289 311 89
52 Dix River near Danville 60 83 30.0 200 6.7
6.0 Kentucky River at Lock 6, near Salvisa 47 43 255 234 6.4
8.0 Kentucky River at Lock 4, at Frankfort 53 132 30.2 45 38
9.1 North Elkhorn Creek near Georgetown 48 21 14.6 188 104
9.2 South Elkhorn Creek at Fort Spring 61 33 115 279 9.8
9.4 Elkhorn Creek near Frankfort 46 22 10.9 283 15.2
10.0 Kentucky River at Lock 2, at Lockport 101 4.9 17.6 324 108
10.1 Eagle Creek at Glencoe 20 10.0 200 30.0 10.0
Chiloride, dissolved, in milligrams per liter
20 North Fork Kentucky River at Jackson 4 23 13.6 136 23
23 Middle Fork Kentucky River at Tallega 43 0.0 14.0 16.3 70
2.6 South Fork Kentucky River at Booneville 43 2.3 18.6 14.0 4.7
3.0 Kentucky River at Lock 14, at Heidelberg 86 70 19.8 256 14.0
31 Red River near Hazel Green 81 9.9 185 321 111
50 Kentucky River at Camp Nelson 12 16.7 250 250 16.7
10.0 Kentucky River at Lock 2, at Lockport 101 4.9 17.6 324 108
10.1 Eagle Creck at Glencoe 19 105 211 316 105
Lead, total, in micrograms per liter
20 North Fork Kentucky River at Jackson 36 0.0 111 13.9 28
23 Middle Fork Kentucky River at Tallega 35 0.0 143 171 86
26 South Fork Kentucky River at Booneville 35 29 200 14.3 5.7
30 Kentucky River at Lock 14, at Heidelberg 69 43 45 215 145
31 Red River near Hazel Green 75 10.7 17.3 36.0 16.0
50 Kentucky River at Camp Nelson 12 16.7 250 250 16.7
10.0 Kentucky River at Lock 2, at Lockport 25 7.7 19.2 46.2 115
10.1 Eagle Creek at Glencoe 11 18.2 213 36.4 18.2
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with the Geological Survey, the U.S. Department of
Agriculture Soil Conservation Service, and the U.S.
Environmental Protection Agency. The primary
sources of data for point sources in the Kentucky
River basin were the facilities files of the Kentucky
Division of Water, and the National Pollution
Discharge Elimination System files of the U.S.
Environmental Protection Agency (Gianessi, 1986).
The point-source inventory compiled from these files
includes industrial facilities, power plants, and
wastewater-treatment facilities (municipal and
privately owned) discharging pollutants to surface
water on a regular basis. Average discharge levels of
pollutants were compiled from the files or were esti-
mated from technical wastewater treatment literature
for each industrial category, or for various water uses
such as cooling water. Values of pollutants not specif-
ically reported were estimated based on the industrial
category, type of wastewater, and treatment level.

Nonpoint sources include runoff from such land
uses as urban areas, cropland, pastureland, forests,
and mining. Pollution estimates for the Kentucky
River basin from these sources pertain to nutrients
and trace metals from urban runoff, sediment and
sediment attached pollutants from rural lands,
dissolved nutrient and pesticide discharges from agri-
cultural lands, and mine drainage.

The procedures used for making nonpoint-source
estimates generally involved starting with a county-
based inventory of source activity, such as gross soil
erosion from rural lands as estimated in the U.S.
Department of Agriculture’s 1982 National
Resources Inventory. The principal sources of
pesticide usage data were various State, regional, and
national usage surveys conducted by the Economic
Research Service of the U.S. Department of Agricul-
ture, and the Office of Pesticide Programs of the U.S.
Environmental Protection Agency. The fraction of
the activity that results in a loss to waterways was then
estimated. In the case of sediment arising from gross
soil erosion, sediment delivery to waterways was esti-
mated on the basis of soil texture and drainage density
using methods described by Gianessi (1986). In the
case of nutrient loss from fertilizer applications, the
Cornell Nutrient Simulation Model was used
(Gianessi, 1986). Next, the quantities of pollutants
associated with each activity were estimated. Using
sediment as an example, the nutrient and heavy metal
content of soils throughout each county were esti-
mated using Soil Conservation Service county soil
inventory documents and Geological Survey reports
that characterize the content of surface soils.
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A more complete discussion of these point- and
nonpoint-source, pollution-discharge estimates, with
emphasis on estimation procedures, is made by
Gianessi (1986). Most of the loads listed in the data
base are estimates rather than measurements.
Because of the degree to which nonpoint source load
estimates were dependent on uncertain estimation
procedures that could result in significant error, for
this report more emphasis was placed on the point
source load estimates made by Gianessi (1986).

CURRENT WATER-QUALITY CONDITIONS
AND LONG-TERM TRENDS

The assessment of water-quality conditions and
trends in the Kentucky River basin utilized data from
both the “current” and “historical” periods, and
employed a variety of graphical and statistical
methods for data analysis. Although some useful
information was available from the historical period
(streamflow and precipitation, for example), data
necessary to make meaningful statistical determina-
tions were primarily available from the “current” time
period for most constituents and properties. When
possible, the data were compared to applicable
Federal and State water-quality criteria.

Auvailable historical data (1951-86), were used to
describe occurrence and relative concentration of
constituents throughout the basin. Typically, median
values at specific sites were plotted on a basin map to
show spatial distributions. Maximum and minimum
values observed during the historical period were
often compared to values observed during the current
period. Comparison of historical data to applicable
water-quality criteria were also made, when
appropriate. Because of insufficient data for most
constituents, detailed statistical summaries, load
calculations, and trend analyses for the historical
period were not possible.

Current data (1976-86) were more extensively used
to describe recent water-quality conditions because
of the availability of data. Statistical summaries, load
calculations, trend analyses, and comparisons to
applicable water-quality criteria were performed and
were used to describe, to the extent possible, current
water-quality conditions. Data from the current
record period are not without limitations, however.
For example, estimation of annual constituent loads
can be significantly affected by the limited data avail-
able for characterization of high-flow conditions.
Descriptions of water-quality conditions and trends in
the Kentucky River basin are presented below.



Temperature

Federal water-quality criteria for temperature for
the protection of aquatic life are species dependent.
However, the Kentucky criteria for aquatic habitat
require water temperature to be less than 31.7 °C for
streams classified as warmwater habitat and for water
temperatures not to exceed natural seasonal
variations for water classified for coldwater habitat.
No site for which 10 or more observations were
available had a 90-percentile value greater than the
applicable Kentucky criteria of 31.7 °C (table 13).
Also evident from table 13 is that little spatial variabil-
ity is present between the sites represented. This
seems to apply to sites on the main stem of the
Kentucky River as well as tributary sites. Stream-
water temperatures generally reflect daily mean air
temperatures and because little spatial variability
occurs in daily mean air temperatures, little variability
occurs in water temperatures. Low temperatures are
moderated somewhat on the main stem due to the
additional thermal storage and lower levels of heat
transfer between the water and the atmosphere
caused by greater depths of water in the streams and
sluggish flows.

In addition to air temperatures, water temperatures
can be influenced by geothermal sources and by
various land- and water-use and waste-management
practices. For instance, reservoir management and
release practices can affect downstream water tem-
peratures. Instream water use for hydropower and
offstream uses for cooling and other purposes can
affect water temperatures as can disposal of heated or
temperature-altered waste, such as sewage effluent.
Apparent evidence of the latter can be seen at South
Elkhorn Creek near Midway (site 9.3). During lower
flows, the composition of stream water is dominated
by sewage effluent and the water is warmer than
would be expected under natural conditions.

Seasonality of air temperature does cause a
corresponding seasonal pattern in water temperature
as shown in figure 19. No highly significant long-term
trends in water temperature are apparent from
available data for water years 1976-86 (table 14).
However, several flow-adjusted decreasing tempera-
ture trends were statistically significant. The increas-
ing temperature trend at South Elkhorn Creek near
Midway (site 9.3) apparently is related to increases in
effluent discharge to the creek.

pH, Alkalinity, and Acidity

The pH of a solution is defined as the negative
base-10 logarithm of the hydrogen-ion activity and
can range from 0 (very acidic) to 14 (very alkaline).

The pH of most natural water is in the range of 6.0 to
8.5 units (Hem, 1985). Alkalinity is a measure of the
capacity of a water to neutralize a strong acid and
acidity is a measure of the capacity of a water to
neutralize a strong base.

The pH of natural water is a measure of the
acid-base equilibrium achieved by various dissolved
salts and gases. The principal system regulating pH in
natural water is the carbonate system which consists
of carbon dioxide, carbonic acid, and bicarbonate and
carbonate ions. A departure from near-neutral pH
may be caused by the influx of acidic or alkaline
wastes, or, for poorly buffered water, fluctuations in
algal photosynthesis. Water with a pH in the range
from 6.5 to 9.0 units generally provides adequate
protection for freshwater fish and bottom-dwelling
invertebrates (U.S. Environmental Protection
Agency, 1986a).

Streams in the Kentucky River basin generally are
well buffered and slightly alkaline —median pH
values ranged from 7.1 to 7.8 units (based on available
data for water years 1976-86), owing in part, to an
abundance of carbonate minerals in the soil. Statisti-
cal sutmaries of pH and concentrations of alkalinity
and acidity are presented in table 15. The distribution
of pH values along the main stem of the Kentucky
River lare shown in figure 20. Lowest median pH
values generally occurred in the upper part of the
basin &fig. 21) and were associated with coal mining,
according to Dyer (1983). However, many of these
low values of pH were still greater than 6.0 units, the
Kentucky criterion for warmwater aquatic habitat.
Most of the acid-mine drainage produced in the
North ‘Fork basin is rapidly neutralized by carbonate
minerals or replaced by exchangeable bases from
aquifer material before it reaches a stream. Water of
the Kentucky River basin generally becomes increas-
ingly alkaline from the Eastern Coal Fields region to
the Bluegrass region.

About 10 percent of the pH measurements made
in the basin (based on available data for water years
1976-86) were less than the range of 6.5 to 9.0 units
specif;d in the Federal SMCL and criterion for the

protection of aquatic life (chronic) (table 16). Also,
about |10 percent of the pH measurements made
throughout the basin during this period were greater
than the specified range. Measurements exceeding
the range of 6.5 to 9.0 units typically occurred in the
Blue;lass region, and measurements less than this
range typically occurred in coal producing areas of
the uﬂper basin (table 17). Values of pH at some
downstream sites occasionally exceeded the upper
pH criterion, which may be due in part to algal



Table 13. — Statistical summary of water temperature data from selected sites in the Kentucky River basin

[N, number of observations. This table includes only those sites with 10 or more observations; the 10- and 90-percentile
values are not shown for sites having 30 or fewer observations]}

Period Temperature at indicated percentile

Site of (in degrees Celsius)

number USGS station name record N 10 25 50 75 90
(water years) (median)

0.1 Yonts Fork near Neon 1979-84 13 85 12 16
0.2 Carr Fork near Sassafras 1976-85 73 52 70 14 21 24
1.0 North Fork Kentucky River at Hazard 1978-85 65 48 7.5 17 A4 26

1.1 Troublesome Creek at Noble 1977-82 27 85 15 22
20 North Fork Kentucky River at Jackson 1976-86 92 4.0 77 17 23 26
21 Middle Fork Kentucky River near Hyden 1976-85 68 44 7.2 14 23 27
22 Cutshin Creek at Wooton 1976-85 ;! 38 70 14 22 26
23 Middle Fork Kentucky River at Tallega 1978-86 95 43 84 16 22 25
24 Red Bird River near Big Creek 1978-85 64 37 74 14 22 26
25 Goose Creek at Manchester 197785 /3 40 6.4 14 22 4
2.6 South Fork Kentucky River at Booneville 1978-86 93 43 7.9 18 24 26
30 Kentucky River at Lock 14, at Heidelberg 1978-86 113 4.0 17 14 23 26
31 Red River near Hazel Green 1976-86 153 3.0 7.0 14 21 25

32 Red River near Bowen 1980-83 25 4.0 10 23
33 Red River at Clay City 1978-86 74 22 7.0 12 22 25
4.0 Kentucky River at Lock 10, near Winchester 1978-85 50 22 94 15 25 26
41 Silver Creek near Kingston 1978-83 43 1.7 7.0 14 21 23
5.0 Kentucky River at Camp Nelson 1980-86 74 51 83 15 4 27
5.1 West Hickman Creek at Jonestown 1978-83 47 33 8.0 15 22 25
5.2 Dix River near Danville 1979-86 60 35 6.9 15 23 26
6.0 Kentucky River at Lock 6, near Salvisa 1978-8S 49 6.0 8.7 15 22 26
7.0 Kentucky River above Frankfort 1979-86 80 5.0 8.0 15 4 27
8.0 Kentucky River at Lock 4, at Frankfort 1978-85 53 39 10 15 25 27
9.0 Kentucky River below Frankfort 197985 n 5.0 9.0 16 4 27
9.1 North Elkhorn Creek near Georgetown 1978-84 48 14 6.0 14 22 25
9.2 South Elkhorn Creek at Fort Spring 1978-85 63 35 80 13 21 24
9.3 South Elkhorn Creek near Midway 1982-86 52 5.3 10 15 22 25
9.4 Elkhorn Creek near Frankfort 197783 52 12 8.6 16 24 25
10.0 Kentucky River at Lock 2, at Lockport 1976-86 101 5.0 8.7 15 22 27
10.1 Eagle Creek at Glencoe 1976-86 93 1.7 6.0 15 22 26

productivity and associated reduction of carbon-
dioxide concentrations. Significant decreases in pH
were detected at 4 and an increase at 1 of 11 sites in
the Kentucky River basin (based on available data for
water years 1976-86) (table 18). These nonflow
adjusted decreasing and increasing trends occurred
throughout the basin and could not be clearly
associated with any specific causative factor.

The Federal criterion for alkalinity is set at a level
of not less than 20 mg/L as CaCO3 for protection of
aquatic life (chronic). Samples from several locations
in the basin did not meet the criterion for alkalinity
(table 17) which may be due to limited availability of
carbonate minerals for stream buffering or may be a
result of acid-mine drainage from coal-mined areas in
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the basin. Most of the significant trends in alkalinity
were positive and related to decreases in discharge.
Significant flow-adjusted trends for alkalinity were
detected at two sites. Both of these trends were
increasing at a rate of about 3 percent per year.

No major flow-adjusted trends in acidity were
detected (based on available data for water years
1976-86).

Major Cations and Anions, and Related
Water-Quality Characteristics

The presence of chemical constituents dissolved in
water results from: (1) the physical and chemical
characteristics of the material over which or through
which the water moves, (2) natural weathering
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Figure 19.--Median monthly water temperature for Red River near
Hazel Green, Kentucky, 1976-86.
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Table 15.—Statistical summary of pH, alkalinity, and acidity data ]#am selected sites in the Kentucky River basin

[N, number of observations; *, value was estimated from log-normal-fit program. This table includes only those sites with 10 or more
observations. The 10- and 90-percentile values are not shown for sites having 30 or fewer observations]

Period i Value at indicated percentile
Site USGS station name of record N 10 25 50 75 90
number (water years) (median)
pH, in standard units
0.1 Yonts Fork near Neon 1979-84 13 74 7.6 7.9
1.0 North Fork Kentucky River at Hazard 1979-81 18 76 78 8.0
2.0 North Fork Kentucky River at Jackson 197986 64 70 72 15 78 8.0
21 Middle Fork Kentucky River near Hyden 1979-81 19 74 A 7.7
23 Middle Fork Kentucky River at Tallega 1979-86 61 6.5 6.7 71 74 17
25 Goose Creek at Manchester 1979-81 19 7.0 71 75
2.6 South Fork Kentucky River at Booneville 1979-86 58 6.5 6.7 71 74 7.7
3.0 Kentucky River at Lock 14, at Heidelberg 197986 91 6.9 71 73 7.6 7.9
31 Red River near Hazel Green 1979-86 6.6 6.8 71 7.3 7.7
32 Red River near Bowen 1978-83 lﬁz 68 71 73 7.6 7.7
50  Kentucky River at Camp Nelson 1980-86 s 7.0 73 75 77 79
7.0 Kentucky River above Frankfort 197986 6.9 74 7.6 79 8.1
9.0 Kentucky River below Frankfort 1979-85 71 73 7.6 79 8.1
9.3 South Elkhorn Creek near Midway 1982-86 6.6 6.9 7.2 17 7.9
10.0 Kentucky River at Lock 2, at Lockport 1976-86 1 7.0 73 7.6 78 8.1
10.1 Eagle Creek at Glencoe 1979-86 69 72 7.6 7.9 8.1
Alkalinity, total, in milliggms per liter as CaCOs
0.1 Yonts Fork near Neon 1979-84 13 88 142 198
1.0 North Fork Kentucky River at Hazard 1979-81 18 39 68 86
20 North Fork Kentucky River at Jackson 1979-86 63 38 48 70 8 96
21 Middle Fork Kentucky River near Hyden 1976-81 21 23 36 54
2.2 Cutshin Creek at Wooton 1976-81 10 22 45 76
23 Middle Fork Kentucky River at Tallega 1979-86 60 18 25 37 46 54
25 Goose Creek at Manchester 1979-81 19 16 31 42
2.6 South Fork Kentucky River at Booneville 1979-86 57 19 25 35 47 53
3.0 Kentucky River at Lock 14, at Heidelberg 1979-86 89 24 31 48 62 70
31 Red River near Hazel Green 1979-86 9 13 18 26 41 54
50  Kentucky River at Camp Nelson 1980-86 (£ 46 53 69 80 90
70 Kentucky River above Frankfort 1979-86 B1 54 67 77 91 9
9.0 Kentucky River below Frankfort 1979-85 7 57 69 80 95 105
9.3 South Elkhorn Creek near Midway 1982-86 42 110 128 151 17 191
10.0 Kentucky River at Lock 2, at Lockport 1976-86 100 63 72 83 97 113
10.1 Eagle Creek at Glencoe 1976-86 s 101 124 146 170 202
Acidity, in milligrams per liter as CaCO3 \
20 North Fork Kentucky River at Jackson 1984-85 S 1.0 20 25
23 Middle Fork Kentucky River at Tallega 1984-85 4 23 25 28
26 South Fork Kentucky River at Booneville 1984-85 S 20 25 3.0
30  Kentucky River at Lock 14, at Heidelberg 197985 m 18 25 36 56 8.0
31 Red River near Hazel Green 1979-85 n 2.0 2.6 3.2 44 6.3
5.0 Kentucky River at Camp Nelson 1980-85 63 1.0 2.0 3.6 6.0 1
7.0 Kentucky River above Frankfort 197985 n 15 22 36 6.0 94
9.0 Kentucky River below Frankfort 1979-85 68 15 20 4.0 6.4 9.3
9.3 South Elkhorn Creek near Midway 1984-85 15 35 6.4 9.4
10.1 Eagle Creek at Glencoe 1979-85 7 a1+ 20 44 8.0 16
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Table 16.—Number of pH and alkalinity measurements made in the Kentucky River basin and percentage not meeting indicated water-quality
criteria, based on available data for water years 1976-86

[Censored values greater than the water-quality criteria were not included in the percentage computations]

U.S. ENVIRONMENTAL PROTECTION AGENCY

KENTUCKY

MCL = maximum contaminant level

PMCLG = proposed MCLG

SMCL = secondary MCL
MCLG = maximum contaminant level goal ALA = aquatic life acute
ALC = aquatic life chronic

KYDWS = domestic water supply
KYAH = warmwater aquatic habitat
KYR = recreational waters

Number Percentage not meeting indicated criteria
Constituent or property of
measurements MCL MCLG PMCLG SMCL ALA ALC KYDWS KYAH KYR
pH, below water-quality criteria 2,705 10 10 4 4
pH, above water-quality criteria 2,705 10 9 9 9
Alkalinity 2,176 23

processes, and (3) point and nonpoint sources of the
constituents. These dissolved constituents can be
either positively charged (cations) or negatively
charged (anions). Major cations present in the
surface water of the basin are calcium, magnesium,
sodium, and potassium; major anions are bicarbonate,
chloride, sulfate, and nitrate.

Specific Conductance and Dissolved Solids

Specific conductance is a measure of the ability of
water to conduct an electrical current and is related
to the quantity and types of ionized substances in
water. Multiplied by 0.6, specific conductance, in
microsiemens per centimeter, can be used to estimate
dissolved-solids concentrations, in milligrams per
liter, for most natural water. Because of its simplicity
of measurement, more observations for specific con-
ductance are in the data base than for dissolved-solids
concentration.

Because of its relation to ionized substances,
specific conductance can be used to estimate concen-
trations of some individual dissolved constituents in
water. Regression statistics describing the relation
between specific conductance and several dissolved
water-quality constituents were determined for
selected sites in the basin (table 19). The concentra-
tion of a particular constituent can be estimated by
the linear regression equation:

Y=a+bX

where Y is the estimated constituent concentration,

in milligrams per liter;

a is the regression constant (y-intercept of regression
equation);

b is the regression coefficient (slope of regression
equation); and

X is the specific conductance, in microsiemens
per centimeter.
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The regression equation can be reduced to the

following form:
Y =bX

because as specific conductances approach zero,
concentrations of individual dissolved constituents in
water also approach zero (the y-intercept of the linear
regression equation is equal to zero).

Note: The regression equations should be used with caution in
estimating concentrations of constituents because of
relatively small numbers of regression data pairs used to
derive the equations and the degree of variability of data at
some sites.

Dissolved solids consist of inorganic salts, small
amounts of organic matter, and dissolved materials.
Equivalent terminology is “filterable residue.” Excessive
dissolved-solids concentrations (greater than 500
mg/L) in drinking water are objectionable because of
possible physiological effects, unpalatable mineral
taste, and higher cost associated with corrosion or the
need for additional treatment. The physiological
effects directly related to dissolved solids include
laxative effects principally from sodium sulfate and
magnesium sulfate, and the adverse effect of sodium
on certain patients afflicted with cardiac disease and
women with toxemia associated with pregnancy (U.S.
Environmental Protection Agency, 1986a).

The dissolved-solids concentrations in most
streams in the Kentucky River basin were less than
750 mg/L, the Kentucky maximum criterion for
domestic water supplies. However, the dissolved-
solids concentration exceeded 2,000 mg/L in some of
the 2,900 samples for which analyses are available.
Based on specific-conductance measurements, the
estimated dissolved-solids concentration at one site in
the oil-producing area of Lee County in the south-
central part of the basin has been as high as 9,000 mg/L.



Table 17. —Number of pH and alkalinity measurements made at selected sites in the Kentucky River basin and percentage not meeting indicated
water-quality criteria, based on available data for water years 1976-86

[Censored values greater than the water-quality criteria were not included in the percentage computations)

U.S. ENVIRONMENTAL PROTECTION AGENCY } KENTUCKY
MCL = maximum contaminant level SMCL = secondary MCL KYDWS = domestic water supply
MCLG = maximum contaminant level goal ALA = aquatic life acute KYAH = warmwater aquatic habitat
PMCLG = proposed MCLG ALC = aquatic life chronic KYR = recreational waters
No. of Percentage not meeting indicated criteria
Site USGS station name measure-
number ments MCL MCLG PMCLG| SMCL AIA ALC KYDWS KYAH KYR
pH, below water-quality criteria
0.1 Yonts Fork near Neon 13 15 15 8 8
2.3 Middle Fork Kentucky River 61 8 8
at Tallega
2.6  South Fork Kentucky River 58 5 5
at Booneville
3.0 Kentucky River at Lock 14, 91 1 1
at Heidelberg
3.1 Red River near Hazel Green 102 5 5
7.0 Kentucky River above Frankfort 83 1 1
9.0  Kentucky River below Frankfort 73 1 1 1 1
9.3  South Elkhorn Creek near 44 4 4 2 2
Midway
10.0  Kentucky River at Lock 2, 101 3 3
at Lockport
pH, above water-quality criteria
3.0 Kentucky River at Lock 14, 91 1
at Heidelberg
3.2 Red River near Bowen 68 2 2 2 2
5.0 Kentucky River at Camp Nelson 5 1
7.0  Kentucky River above Frankfort 83 1
9.0 Kentucky River below Frankfort 73 3
10.0  Kentucky River at Lock 2, 101 1
at Lockport
Alkalinity
2.1 Middle Fork Kentucky River 21 19
near Hyden
2.2 Cutshin Creek at Wooton 10 10
2.3 Middle Fork Kentucky River 60 12
at Tallega
25 Goose Creek at Manchester 19 37
2.6  South Fork Kentucky River 57 12
at Booneville
3.1 Red River near Hazel Green 99 28
70  Kentucky River above Frankfort 81 1
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Table 19.—Regression statistics describing the relations )between specific conductance and
concentrations of several water-quality constituents and properties at selected sites in the Kentucky
River basin, based on available data for water years 1976-86

[N, number of regression data pairs; b, regression coefficient; R2, coefficient of determination;
CVAR, coefficient of variation]
Equation used in regression analysis:y = a + bx
where yis the estimated constituent concentration, in milligrams per liter;
a is the regression constant (y-intercept of regression equation);
b is the regression coefficient (slope of re jon equation); and
x is the specific conductance, in microsiemens per centimeter.

Site . Regression statistics!
number USGS station name ‘L N 5 R CVAR
\
Alkalinity, in milligrams per liter as CaCO3
1.0 North Fork Kentucky River at Hazard 18 018 0858 0.169
20 North Fork Kentucky River at Jackson 63 15 .708 .183
21 Middle Fork Kentucky River near Hyden 21 22 860 .190
23 Middle Fork Kentucky River at Tallega 60 18 656 212
10.1 Eagle Creek at Glencoe 95 38 606 191
Calcium, dissolved, in milligrams per liter
20 North Fork Kentucky River at Jackson 20 .09 .763 187
23 Middle Fork Kentucky River at Tallega 19 .09 564 2AS
2.6 South Fork Kentucky River at Booneville 21 07 762 212
30 Kentucky River at Lock 14, at Heidelberg 33 .08 537 416
5.0 Kentucky River at Camp Nelson 18 09 770 195
Calcium, total recoverable, in milligrams per liter |
20  North Fork Kentucky River at Jackson o .10 s 241
30 Kentucky River at Lock 14, at Heidelberg 1 32 09 917 129
|
Chloride, dissolved, in milligrams per liter
20 North Fork Kentucky River at Jackson ‘ 4 02 633 273
50 Kentucky River at Camp Nelson : 74 09 575 700
70 Kentucky River above Frankfort 1 82 06 519 517
93 South Elkhorn Creek near Midway ! 43 .08 614 .288
Hardness, in milligrams per liter as CaCO3
20 North Fork Kentucky River at Jackson 45 46 593 243
23 Middle Fork Kentucky River at Tallega 4 42 530 222
3.0 Kentucky River at Lock 14, at Heidelberg 87 35 592 325
5.0 Kentucky River at Camp Nelson 5 36 673 181
10.0 Kentucky River at Lock 2, at Lockport 100 42 659 106
Magnesium, dissolved, in milligrams per liter
20 North Fork Kentucky River at Jackson 2 04 612 231
2.6 South Fork Kentucky River at Booneville 21 03 668 212
31 Red River near Hazel Green ‘ 29 03 766 34
50 Kentucky River at Camp Nelson | 19 03 707 162
9.3 South Elkhorn Creek near Midway 18 01 798 136
10.0 Kentucky River at Lock 2, at Lockport 101 03 687 133
10.1 Eagle Creek at Glencoe | 32 03 712 272

Magnesium, total, in milligrams per liter

30 Kentucky River at Lock 14, at Heidelberg 33 03 654 203
9.3 South Elkhorn Creck near Midway 25 01 658 .198
10.1 Eagle Creek at Glencoe 33 .03 501 283

Potassium, dissolved, in milligrams per liter ;
20  North Fork Kentucky River at Jackson ‘ 21 01

895 105
23 Middle Fork Kentucky River at Tallega | 19 01 .666 .143
2.6  South Fork Kentucky River at Booneville ‘ 21 01 730 181
50 Kentucky River at Camp Nelson 19 01 726 186
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Table 19.—Regression statistics describing the relations between specific conductance and
concentrations of several water-quality constituents and properties at selected sites in the Kentucky
River basin, based on available data for water years 1976-86 — Continued

[N, number of regression data pairs; b, regression coefficient; R2, coefficient of determination;
CVAR, coefficient of variation]
Equation used in regression analysis: y = a + bx
where yis the estimated constituent concentration, in milligrams per liter;
a is the regression constant (y-intercept of regression equation);
b is the regression coefficient (slope of regression equation); and
x is the specific conductance, in microsiemens per centimeter.

Site . Regression statistics!
S
pumber USGS station name N 5 R CVAR
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